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ABSTRACT NCEL has completed a test and evaluation program for
25-kVA amorphous metal-core transformers.  These transformers save
energy by reducing no-load losses by 60 to 70 percent. No-load losses are
estimated to cost the Navy millions annually and it all of the Navy trans-
formers were replaced by amorphous metal-core transtormers, the Navy
would save millions a year. The program objective was to evaluate the
electrical performance and operational reliability of the amorphous metal-
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INTRODUCTION

The Naval Civil Engineering Laboratory (NCIL) has completed a test
and ~valuation program for 25-kVA amorphous metal-core transformers.
Amorphous metal-core transformers save energy by reducing transformer
no-load losses by 60 to 70 percent. No-load losses are the power re-
aquired to energize the transformer core and are constant regardless of
the 1Toad an the trancformer. No-load losses cost the Navy miliions of
dollars annually. The Navy operates approximately 79,000 liquid-f{illed
distribution transformers at 150 locations. If all of the Navy trans-
formers were replaced hy amorphous metal-core transformers, the Navy
woinld save millions a year. The program objective was to evaluate the
electrical performance and operational reliability of the amorphous
metal-core transformers compared to conventional silicon-steel trans-
formers. The test and evalnation program was conducted in the following
two phases.

Phase 1

In Phase [, the electrical and mechanical performance of three
General FElectric 25-kVA amorphous metal-core transformers was compared
with the electrical performance of two General Electric 25-kVA con-
ventional silicon-steel transformers. The testing for this phase was
condncted by Westinghouse Flectric Corporation using American National
Standards Institute (ANST) and National Flectric Manufacturers Association
(NFMA) standards, at the Westinghouse Distribution Transformer Division
plant, Athsns, Georgia.

Phase 11

in Phase 11, electrical tests, overland transportation tests, and
Aantopsies were conducted by General Electric on five 25-kVA amorphous
metal-core transformeis. An NCEL devised 3-foot drop test and auntopsy
was Lhen conducted on three of the transformers. The [alboratory testing
for this phase was conducted using ANST and NEMA standards, at the General
Flectric Distribution Transformer Division plant, Hickory, North Carelina.

BACKGROUND

Amorphous metals are an entirely new class of metallic material
whose dominant characteristic is a lack of grain structure.  In the
process of producing amorphous metals, a proprietary molten alloy of
iron, boron, and silicon is cooled rapidly at a rate of about 1 miliion

o per second so Jhat crystals cannot form. fnstead, the constitnent
atoms arrange themselves in a random fashion, rather than in the crystal
lattices found in typical metals.  The practical rvesult of this process




is a material that, when uzed in the core of a transformer, redinces no-
load Tosses to about 30 percent of those in a conventional silicon-steel
transformer.

The retiability and performance of amorphous metai-core tyansformers
are expected Lo be comparable to conventional silicon-steel transformers
becanse virtually no changes have been made in the coil and insnlation
system.  The only difference is the substitution of the more officient
amorphons metal-core material.

PHASFE. T TESTS

Four types of transformer tests were conducted in Phase 1, including
the typical commercial, design, ANSI/IEER C57.12.90-1980 tests, and several
additional tests designed by NCEIL engineers.  The identity, objective,
and pass/fail criteria for the Phase 1 tests are described in the follow-
ing paragraphs.

Commevcial Tests

The commercial Lests were performed: (1) to determine the traus-
former's electrical performance parameters npon initial receipt before
testing, (2) to demonstrate compliance with nameplate data or contractual
agreements, and (3) to identify any significant changes in transformer
performance charactervistics after the transformers were subjected to
individnal stressfn]l tests. For the amorphous metal-core and silicon-
steel transformers examined, the tests consisted of the following:

Ratio Test.

. (Objective: ‘The turns ratio of the transformer is the ratio of
tnrns in the high-voltage winding to turns in the low-voltage
winding. The objective of the ratio test was to demonstrate

that the ratio of turns in the high-voltage and low-voltage
windings was correct, so that a given impressed high voltage
wonld produce the expected low voltage, according to the ratio
of high-voltage winding tnurns to low-voltage turns.

. Pass/Fail Criteria:  The observed ratio of high voltage to low
-

voltage had to be within 0.5 pervcent of the transformer nameplatne
markings.

Polarity Test.

. Objective:  The objective of the polarity test was to demon-
strate that the Teads and polarity marks on the transiormer
reflected the actual arrangement of the transformer windings.
These data are particularly important when two or more trans-
formervs are operated in parallel,

b Pass/Fail Criteria:  The polarities of the winding leads, as
determined from testing, had to mateh the polarities shown on
the nameplate.




Applied Voltage Tests.

A Objective: The objective of the applied voltage tests was to
stress the major components of insulation, and the major in-
sulation between the windings and ground. Two types of applioed
voltage tests were made: High-to-low-to-lron-to-Case (HLIC)
applred voltage tests, and low-to-High-to-Iron-to-Case (LHIC)
applied voltage tests. In tne HLIC tests, the test voltage was
applied to the high-voltage transformer bushi. s {which were
tied together), and the low-voltage bushings, which were tied
together and grounded. In the LHIC tests, all low-voltage
bushings were tied together and connected to the source vol-
tage, and the high-voltage bushings wee tied together and
grounded. The HLIC tests stressed the insulation of the high-
voltage windings. ThelHIC tests stressed tie low-voltage
windings.

g Pass/Fail Criteria: There had to be no evidence of arcing,
smoke, bubbles, or a sudden increase in test circnit conrrent as
a result of the applied potential. [If sanch evidence existed,
then troubleshooting was required to locate the source of the
probtlem.

Induced Potential Test.

d Objective: The objective of the induced potential test was to
stress interwinding insulation structures, as well as portions
of the major insulation. The test applied greater than rated
volts per turn to the transformer, so that it was run at higher
frequency (400 Hz in this case) to avoid core saturation.

i Pass/Fail Criteria: 'There shall be no evidence of arcing, smcke,
bubbles, or a sudden increase in test circuit current as a result
of applied potential. 1f such evidence exists, then troubleshooting
is required to locate the sonrce of the problem.

No-load loss/Exciting Current Test.

* Objectives: The objectives of the no-load loss and excitation
current tests were to determine: (1) the power loss in the
transformer when operating at rated voltage and {requency, but

LK)

not supplying load; and (2) the excitation current required to
maintain the magnetic flnux excitation in the transformer core.
No-load losses include core loss, dielectric loss, and loss in

the windings due to exciting current. Roth no-load losses and
excitation currents shonld be determined nsing sinusoidal sources,
or hy correcting for the applied sonrce waveforms as described

in Section 8 ot ANSI/IERE €57.12.90-1980,

hd Pass/Fail Criteria: Not applicable bhecanse measurements are
made and recorded per Section 8 of ANSI/IEER (57.12.90-1980.




Desiy:.. Tests

The design tests were performed to compare the amorphons metal-core
transformers and the silicon-stee, transformers with respect to adequacy
of Lhe design of their component parts, ability to meeot assigned ratings,
and performance under normal operating conditions. The tests consisted
of the following:

Full-Wave and Chopped-Wave Impulse-Voltage Tests.

. Objective: The objective of the impulse-voltage tests was to
determine the ability of the transformer to withstand lightning
surges. Volltage waves with a nominal front of 1.5 microseconds
and a nominal tail to half value of 40 microseconds were applied
to each terminal of an unenergized transformer. The first
applied wave was a reduced full wave whose crest value was 50
percent of the transformer's basic insulation level (BIIL).

This was followed by two chopped waves of 115 percent of the
BIl.. Chopping was accomplished by using a rod gap in air,
adjnsted to arec after the crest of the voltage wave. The
chopped-wave applications were followed by a full wave at 100
percent. of the BIL. The chopped wave strvssed insulation be-
tween turns near the line end. The full wave stressed insula-
tion between the middle of the winding and ground. Oscillo-
grams were ohtained for applied voltage versus time, and for
neutral current versus time.

A Pass/Fail Criteria: Agreement in voltage and current wave
shape between the initial full-wave reduced voltage application
and the final 100 percent full-wave application indicated that
the transformer had passed without damage. Any unexplainable
difference in wave shape indicated a failure in either the
windings, the major or minor insulation, or the bushings.

NOTFE

Iie order to provide additional assurance that the amorphous metal-core
transformers wonld withstand lightning surges, the tests were performed
on an energized transformer, and additional stress tests were added to
the tesc sequence.  The test sequence included (in the following order):
reduced full-wave test, chopped-wave test, 400-lHz induced potential test,
front-of-wave impulse test (voltage wav~ is chopp d before it crests),
400~z indnced potential test, full-wave test, 400-Hz induced potential
test, and HLIC and THIC applied voltage tests.

Winding Resistance Test.

. Objective: The objective of the winding resistance test was to
obtain winding resistance data that will be used later: (1) to
calenlate the T7R component. of condictor Insses, (2) to calculate
winding temperatures at the end of a temperature rise test, and
(3) to use as a base for assessing possible damage in field
operation. The winding resistance test was performed using the
procedures in Section 5 of ANSI/IEEE G57.12.90-1980.

4




Pass/Fail Criteria: Not applicahle. Readings were taken,
cajculations were made to correct for the desired temperature
at which the resistance values were to be used, and the data
were applied as required.

impedance Voltage/load loss Tests.

Gbjective: The objective of the impedance voltage/load loss
tests was to determine the voltage required to circulate the
rated current under short-circuit conditions, and the associated
watt loss when the sonrce was connected to Lthe rated voltage
taps. The impedance voliage consisted of an effective resis-
tance component corresponding to the load losses and a reactive
component corresponding to the leakage flux linkages of the
windings.

Pass/Fail Criteria: Not applicabl... Measurements were made
per Section Y.2.2 of ANSI/IFEE €57.12.90-1980, and calcuiations
of the impedance voltage and load loss watts were made per
Section 9.4 of ANSI/IEEF €57.12.90-1980. For these test's,
comparisons were made betwe.n the performance of the amorphous
metal-core transformers and the silicon-steel transformers,

Temperature Rise Test.

Objective: The objective of the temperature rise test was to
determine the maximum temperature rise (above the ambient
temperature) of the windings and the insulating fluid in the
transformer when the transformer was operated at maximum kVA
roting. The temperature rise test was condiucted in accordance
with the procedures in Section 11 of ANSI/IERE C57.12.90-1980.

Pass/Fail Criteria: The average winding and {Inid temperature
rise above ambient temperature conld not exceed 65 °C or the
temperature rise specified on the transformer nameplate (which-
ever is smaller). The winding hottest spat temperature conld

not exceed 80 °C

Audible Sound Level Test.

Objective: The objective of the andible sound level test was
to determine the andible sonnd emitted from the transformer
when operated at rated voltage and frequency, and no load.
Sound level measurements were <ignificant bhecause excessive
sounds from transformers can be an annoyance in residentia’ or
other populated areas. Also, excessive <ound levels may in-
dicate apparent problems in the transformer core, snci as loose
or fractured core laminations. A sound level meter with an
A-weight ing frequency network was nsed for the measurements,
sinee this type of weighting best represonts the ability of a
remote listener, with normal hearing, to hear the complex
sounds generated by the transformer.  The tests wore condncted
in accordance with the procedures in Section 13 of ANST/IERE
CR7.12.90-198n.




e Pass/gtail Criteria: The measnred valee of the A-weighted (A)
sound Tevel had to bhe no greater than 48 dB (A,

Radio Influenc. Voltage (RIV) Test.

. Objective:  The obhjective of the RIV test was to determine the
amount of RIV produced by the corona (1oeal overstress) in trans-
former dinsulation. RIV, as the name implies, may cause iv er-
forence to radio communications. Excessive corona also may be
a indication of insalation breakdown. The tests wore performed
with the methods prescribed in NEMA Publication TR 1. Tests

were run at 10 percent and 110 percent of rated voltage.

. Pass/Fail Criceria: NEMA Tublication TR 1 lists [imiting RIV
values at abont 110 percent of the operating voltage.

Short-Circuit Test.

hd Objective:  The objective of the short-circuit _est was to
demenstoate the abilicy of the transformer to withstand the
ciresses qesnlting from a short cirenit applied to the
transformer’'s primary or secondary terminals. The tests were
condineted by either closing a breaker at the fanlted terminal
1o apply a4 short civenit to o previonsly energized transformer,
or by closing a breaker at the source terminal to apply energy
‘o a previously short-civenited transformer.

. Pass/Fail Criteria: The impedance change shall he less than
11,1 percent, and the excitation current change shall be less
than 25 percent, when a short-circunit current of 40 times the
rated cnrrent is applied in accordance with the procednres of
Section 12 of ANSI/IEEE ©57.12.90-1980. There shall be no
discernible damige to the transfermer, bhased on a post-test
Mtopsy.

Addit ional NCEI Tests
Safe Transit Tests.

i Gbjective:  The objective of the safe transit tests was to
demonstrate that the transformer conld withstand the shocks and
vibrations encountered on a cross-conntry shipment, with ne
signiiicant mechanical damage, and no significant change in
electrical performance characteristics.  The tests consisted
of (1) a 4-hour test on the safe transit machine at 160 rpm
to simnlats two cross-conntry shipments by truck; and (2) a
G- oot drop of the tran:former onto a hard surface (to simalate
inadvertent mishandling during transit). Upen completion of
the shake and drop tests, the transformer was subjected to the
commercial tests to detect any changes in electrical performance;
and to an antopsy, in which the transformer core was removed
from the tank and inspected for damage.

(3




4 Pass/Fail Criteria: The commercial tests had to be passed
satisfactorily, after completion of the safe transit tests,
with no more than a 10 percent increase in measured no-load
watts. There had to be no evidence of damage tnai wonld impair
proper long-term, reliable operation of the transf{ormer.

Infrared Scanning Test (Transformer Fnergized).

A Objective: The objective of the infrared scanming tests was Lo
obtain (by means of an infrared-sensitive detector) a visusil
indication of the amount of energy required to magnetize the
transformer core. In these tests, the infrared scans of the
energized amorphous metal-core and silicon-steel transformers
were compared.

d Pass/Fail Criteria: No gquantified criteria. The intensity of
the infrarved radiation from an amorphous metal-core transformer
had to be Tess than the infrared radiation from a silicon-steel
transformer of the same vating when the transformers were operated
under the same conditions.

Cold-load Pickup Test.

. Objective: The objective of the cold-load pickiup test was to
determine whether heavy loading of a cold transformer had any
injnrions effects, such as thermal instability, on the trans-
former. The principal concern was that the transformer fluid
could become so viscons at Jow temperatures that it could not
civeunlate and transfer heat generated in the core and windings.
This conld create hot spots that could canse breakdown of the
insiulat ion and possible short cirenits. For this test, the
following conditions were assumed and simulated:

A power ontage ocenred inoa cold (=35 %00 environment .

- A replacement transformer was obtained from a cold (-35 °C)
snvironment and placed in service,

- I'pou restoration of service, a 200 percent rated load was
placed on the transformer for the first 2 honrs. This was
followed by a 100 percent rated load for the next & honrs.

Instrnmentat ion was installed and measurements were made as presceribed
in Section 9.2.2 of ANST/IEER €057 .12.90-1980.

. Pass/Fail Criteria: There had to be no significant change in
winding currvent during operation at 100 percent rated load or
200-percent rated load.  Any such change was evidence of a po-

tential failure that bad to be investigated by an attopsy.
Saturation, Regulation, and Ffficiency Tests.

. Objective: The objective of these tosts was to compare the
axcitation current, no-load loss, load loss, regulation, and
efficiency of the amorphonus metal-core and silicon-steel trans-
formers nnder loading conditions of S0 percent | 100 percent,




and 150 percent of rated load. To condunct the tests, the trans-
formers were instrumented as prescribed in Section 8 of ANSI/IEFE
£57.12.901980, and were operated at the selected fraction of
rated load until the top oil temperature stabilized. Immediately
following temorr~tu, o stabilization, voltage, current, and power
readings were taken to obtain the data to develop saturation
curves and to calculate transformer regulation and efficiency

at each loading condition for each transformer type. Regulation
and efficiency were calculated using the procedures in Section

14 of ANSI/IEEE (€S57.12.90-1980. After completion of the satura-
tion, regulation, and efficiency tests, the transformers were
subjected to the commercial tests to determine whether any of

the operating characteristics of the transformers changed as a
resnlt of the tests.

. Pass/Fail Criteria: The transformers had to pass the commercial
tests after completion of the saturation, regulation, and effi-
ciency tests. The core losses, exciting currents, and percent
regulation of the amorphous metal-core transformer had to be
fess than those for the silicon-steel transformers. Also, the
percent efficiency of the amorphons metal-core transformer had
to be greater than that of the silicon-steel]l transformer. At
rated inpnt voltage, the no-load losses and load losses had to
match the nameplate values. There had to be no change in the
operating characteristics of the transformers as a result of
the testing.

PHASE 1T TESTS

An antopsy conducted on two amorphous metal-core transformers during
Phase [ testing revealed that some amorphous metal particies nhad broken
loose [rom the amorphous metal core.  These particles were found at the
bottom of rthe tank, on the inside of the bottom frame, and on the coils.
It was believed that the presence of these particles in the oil wonld
redince the coil-to-coil insulation margin.

After all Phase | tests were completed, the transformers were re-
turned to the General FElectric Company Distribution Transformer plant,
Hickory, North Carolina. At the snggestion of NCEL engineers, General
Flectric made a prodnction-line change to corrvect the problem. A special
device was made that rotated the amorphous metai-core and atlowed the
core Lo be spraved with a special adhesive, which completely encapsulated
the core.

The Phase 11 tests were condincted on five amorphous metal-core trans-
formers.  Four of the transformers had fnlly encapsulated cores.  The
remaining transformer was unmodified,.

Several types of transformer tests were conducted in Phase 11, in-
cinaing in the following order) a cross-country shipping test, commercial
transformer tsts, an impedance voltage/load loss design test (prescribed
i ANST/TEERE €57.12.90-1980), an untanking and inspection of each trans-
former, a 3-foot drop test on three of the transformers, and a sobsequent
nntanking and inspection of the three transformers.  The identity. objec-
tive, and pass/fail criteria for the Phase 11 tests are descoribed in the
following paragraphs.




Cross-Country Shipping Test

d Objective: The objective of the cross-country shipping test
was to demonstrate that the fully encapsulated amorphous metai-
core transformers counld withstand the shocks and vihrations
encountered in cross-country shipment by commercial truck with
no mechanical damage or change in electrical performance. For
this test, five amorphous metal-core transformers were shipped
by commercial truck from Hickory, North Carolina, to Port Hueneme,
California, and back to North Cerolina by commercial truck.
Standard commercial packing and handling procedures were used.

L4 Pass/Fail Criteria: There had to be no visible damage from
shipment. After shipment, the transformers had to pass the
ANST/TEEFE Commercial tests, the ANSI/IEEE impedance voltage/load
loss test, and the untanking and inspection test.

ANST/TEFE Commercial Tests and Impedance Voltage/load loss Tests

. Objectives: The objectives for these tests are described in
the corresponding Phase | test descriptions.

b Pass/Fail Criteria: The pass/fail criteria are described in
the corresponding Phase 1 test descriptions.

. Commercial tests consist of the following:

Induced potential test per ANSI C57.12.90 - 1980 Sec 10.4.
No-load loss/exciting current per ANSIT €57.12.90 - 1980 Sec 8.
Applied voltage tests per ANSI ©57.12.90 - 1980 Sec 10.3.
Impulse per ANSI C57.12.90 - 1980 Sec 10.5.

. ANST/IEEE impedance voltage/load loss test per ANST £57.12.90 -
1980 Sec 9.

Initial Untanking and Tnspection Test

b Objective: The objective of the initial untanking and inspection
test was to determine the extent of mechanical damage, if any,
to the transformer core or internal structure as a result of
the cross-country shipping test.

. Pass/Fail Criteria: The criteria for passing the test was that
there had to be no evidence of flaking of the amorphous metal
within the transformer. Tn addition, there had to be no evidence
of mechanical damage to the transformer internal structure that
would impair the long-term, reliable operation of the transformer
as a result of cross-country shipment. and return (approximately
5,000 miles).




Drop Test

4 Objective: The objective of the drop test was to simulate the
shock that the transformer would receive if it were mishandled
and inadvertently dropped from a height of 3 feet (from the
bottom of the transformer tank) to a hard surface.

the transformer had to pass the subsequent untanking and inspec-
tion test, and the post-drop commercial tests.

L Pass/Fail Criteria: The criteria for passing the test was that

Post-Drop Untanking and Tnspection Test

L Objective: The objective of the post-drop untanking and in-
spection test was to determine the extent of mechanical damage,
if any, to the transformer core or internal structure as a
result of the drop test.

. Pass/Fail Criteria: The criteria for passing the test was that
there had to be no evidence of flaking of the amorphous metal
within the transformer. In addition, there had to be no evidence
of mechanical damage to the transformer's internal structures
that could impair the long-term, reliable operation of the trans-

former as a result of the 3-foot drop test.

TEST SEQUENCING

Proper test sequencing was an important aspect of the test program.
In order to minimize potential damage to the transformers during testing,
the resistance, polarity, phase relation, ratio, no-lcad loss and excita-
tion current, impedance, load loss, and temperature rise tests were con-
ducted before the dielectric tests (which test the transformer insulation
levels) were performed. Also, in this transformer test program, the com-
mercial tests were performed upon initial receipt of the transformers at
the test facilities and after each group of tests in which stressful con-
ditions were imposed.

Phase I Test Sequence

In Phase T, three 25-kVA amorphous metal-core transformers and two
25-kVA silicon-steel trausformers were tested. The test sequence for
each transformer is listed in Table 1.
Phase IT Test Sequence

In Phase 11, four 25-kVA amorphois metal-core transformers with fully
encapsulated cores and one 25-kVA amorphous metal-core transformer without

an encapsulated core were tested. The test sequence for the transformers
is listed in Table 2.
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RESULTS AND CONCLUSIONS
Phase [

The identity, objectives, and race/faj] criteria for thre Phase |
tests are described in the Phase [ test descriptions. The sequence of
testing for each transformer tested in Phase I is described in the sec-
tion on test sequencing. The results and conclusions from the Phase |
tests are provided in the following paragraphs.

Commercial Tests. These tests were performed: (1) to determine the
electrical performance paramelers of the transformers npon initial receipt
before testing; (2) to demonstrate compliance with nameplate data or con-
tractual agreements; and (3) to identify any significant changes in Lrans-
former performance characteristics after the transformers were subjected
to individual stressful tests.

d Commercial Test Results: The results of the commercial tests
are tabulated in Appendix A. All of the transformers passed
the commercial tests becanse they met the test criteria speci-
fied for the applicable tests. For the amorphous metal-core
transformers, the largest average change in no-load loss, load
loss, efficie~cy, and regulation between the initial tests and
the tests that imposed stressful conditions was 2.4 percent.
The maximum change in any of these parameters was a 7.0 percent
increase in no-load loss for amorphous metal-core transformer
serial number P217060-YZA after the 170 percent temperature
rise test.

of the commercial tests were that the transformers demonstrated
compliance with the nameplate data upon initial receipt, and
there were no significant changes in transformer electrical
characteristics after being subjected to tests that caused
significant stresses.

o Commercial Test Conclusions: The conclusions from the results

Temperature Rise Tests. These tests were performed to determine the
maximum temperature rise (above the ambient temperature) of the windings
and the insulating fluid in the transformer when the transformer was
operated at loads equal to, and greater than, the nameplate kVA rating.

The amorphous metal-core transformers were operated at 100 percent and at

170 percent of nameplate load. The silicon-steel transformers were
operated at 100 pearcent and 150 percent of nameplate load.

. Temperature Rise Test Results: The detailed results of the
temperatnre rise tests are shown in Appendix B.  The summarized
resnlts are listed in Table 3 and illustrated in Figure 1.




o Temperature Rise Test Conclusions: The conclusions to be drawn
from the results of the temperature rise tests are as follows:

- At 100 percent of rated load, both the amorphous metal-core
and the silicon-steel transformers passed the temperature
rise test. Both of the transformer types had temperature
rises of less than the ANSI/NEMA requirement of 65 °C
temperature rise above ambient.

- At 100 percent of rated load, the temperature rise in the
amorphous metal-core transformer oil, low-voltage windings,
and high-voltage windings was significantly less than the
corresponding temperature rises in the silicon-steel
transformers.

- The temperature rises in the amorphous metal-core
transformers at 170 percent of rated load were roughly
comparable to the temperature rises in the silicon-steel
transformers at 150 percent of rated load.

The significance of the lower temperature rises in the amorphous
metal-core transformers is that, other factors being equal, amor-
phous metal-core transformers should have longer reliable operating
lives compared to silicon-steel transformers.

Audible Sound T.evel Test. The audible sound level test was con-
ducted to determine the audible sound emitted from the transformer when
operated at rated voltage and frequencv and no-load. Sound level measure-
ments are significant because excessive sounds from transformers can be
an annoyance in residential or other populated areas. Also, excessive
sound levels may indicate apparent problems in the transformer core, such
as loose or fractured core laminations.

o Audible Sound Level Test Results: The andible sound level tests
were conducted on amorphous metal-core transformer serial number
P217059-Y7A at 100 percent and 110 percent of rated voltage,
after the transformer had been subjected to short-circuit test-
ing. This worst-case condition was chosen to give an indication
of any possible loosening or fracturing of core laminations as
a result of the short-circunit test. The detailed test data are
shown in Appendix B. The summarized audible sound level test
data are listed below, and illustrated in Figure 2:

Sound level at 100%
of Rated Voltage . . . . . . . . . 32.4 dB(A)

Sound Tevel at 110%
of Rated Voltage . . . . . . . . . 37.3 dB(A)

The ANSI/NFMA sound level limit at 100 percent of rated voltage is 48
dB(A). There is no ANSI/NFMA sound level 1imit at 110 percent of rated
voltage.




hd Audible Sound Level Test Conclusions: The conclusions from the
test results were that the tested amorphous metal-core trans-
former operated at a sound level that was substantially lower
than the ANSI/NEMA limit. The low sound level indicated that
no core damage was incurred as a result of the previously con-
ducted short-ciccuit test.

Radio Tnfluence Voltage Test. Th~ objective of the RIV test was to
determine the amount of RIV produced by the corona (local overstress) in
transformer insulation. RIV, as the name implies, may cause interference
to radio communications. Excessive corona also may be an indication of
insulation breakdown.

d RIV Test Results: The test produced no radio influence voltage
at 100 percent and 110 percent of rated voltage.

RIV Test Conclusion: The conclusion from the test results was
that operation of the tested amorphous metal-core transformer
at 100 percent of rated voltage or 110 percent of rated voltage

would not interfere with radio transmission or reception.

Short-Circuit Test. The short-circuit test was conducted to
demonstrate the ability of the transformer to withstand the stresses
resulting from a short circuit applied on the transformer's primary or
secondary terminals. The test may be conducted by closing a breaker at
the faulted terminal, which would apply short circuit to a previously
energized transformer, or by closing a breaker at the source terminal,
which would apply energy to a previously short-circuited transformer.

. Short-Circuit Test Results: The detailed test results are
shown in Appendix B. The summarized short-circuit test results
are listed below and illustrated in Figure 3 for amorphous
metal-core transformer serial number P217059-YZA when subjected
to a short-circuit current of 40 times the rated current.

Impedance Exciting Current
Change _ .__. Change
As observed in before/after
commercial tests 5.3% 1.0%
As allowed per ANSI/IEEFR
C57.12.90-1980 11.1% 25.0%

Measnrements were also made of the first and sixth peak of the magnetizing
in-rush current. These values were 28 .8 and 12.8 times the normal mag-
netizing current. The transformer passed the commercial tests both hefore
and after the short-circuit test. No damage attributable to the short-
circuit test wes found in a post-test autopsy.




d Short-Circuit Test Conclusion: The conclusion from the short-
circuit test results was that the amorphous metal-core trans-
former can be expected to withstand short-circuit current of at
least 40 times the rated current, without damage or significant
change in electrical performance parameters.

Full-Wave and Chopped-Wave Impulse Voltage Tests. These tests were
conducted to determine the ability of the transformer to withstand light-
ning surges. The test descriptions and pass/fail criteria are contained
in the Phase T test descriptions. The chopped wave stressed insulation
between turns near the line end. The full wave stressed insulation be-
tween the middle of the winding and ground. Oscillograms were obtained
for applied voltage versus time and for neutral current versus time.

¢ Full-Wave and Chopped-Wave Impulse Voltage Test Results: The
detailed test results are contained in Appendix B. The test
sequence included the following tests: reduced full-wave test,
chopped-wave test, 400-Hz induced potential test, front of wave
impulse test (voltage wave is chopped before it crests), 400-Hz
induced potential test, full-wave test, 400-Hz induced potential
test, and HLIC and LHIC applied voltage tests. Tn order to
provide additional assurance that the amorphous metal-core trans-
formers could withstand lightning surges, the tests were per-
formed on an energized transformer, and additional stress tests
were added to the test sequence.

As stated in the Phase 1 test descriptions, agreement in voltage and
current wave shape between the initial full-wave reduced voltage application
and the final 100 percent full-wave application indicates that the trans-
former has passed without damage. Any unexplainable difference in wave
shape indicates a failure in either the windings, the major or minor in-
sulation, or the bushings.

As described in Paragraph 7 of Appendix B, two anomalies arose in
the full-wave impulse tests. To determine if the anomalies indicated a
failure in the insulation, the transformer was subjected to an induced
voltage test at 400-Hz and the HLIC and LHIC applied voltage tests. The
transformer passed these auxiliary tests. Therefore, the transformer was
considered to have passed the full-wave and chopped-wave impulse voltage
tests.

. Full-Wave and Chopped-Wave Impulse Voltage Test Conclusions:
From the test results, it was conclunded that the tested amorphous
metal-core transformer was able to withstand simulated lightning
surges, even when it was energized. Tt is noteworthy that these

tests were more severe than the unenergized tests prescribed in
ANST/IEEF C57.12.90-1980.

Infrared Scanning Test (Transformer Energized). This test was con-
ducted to obtain, by means of an infrared-sensitive detector, a visual
indication of the amount of energy required to magnetize the transformer
core.  "he infrared scans of an energized amorphons metal-core transformer
and a zilicon-stee]l transformer were compared.
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* Infrared Scanning Test Results (Transformer Energized):
Photographs of the infrared scan of the amorphous metal-core
transformer and the silicon-steel transformer are contained in
Appendix C. It can be seen that the intensity of radiation
from the amorphous metal-core transformer is less than the
intensity of radiation from the silicon-steel transformer.
Also, there are no visible hot spots in the infrared scan of
either transformer.

* Infrared Scanning Test Conclusions (Transformer Energized):
The test results confirm the results of the commercial tests,
which indicate that the core losses in the amorphous metal-core
transformer are less than the core losses in the silicon-steel

transformer.

Cold-load Pickup Test. This test was conducted to determine whether
heavy loading of a cold transformer had any injurious effects, such as
thermal instability, on the transformer. The conditions that the test
was designed to simulate are described in the Phase I test descriptions.
For this test, the transformer was placed in a cold chamber until the oil
temperature reached -34 °C. Then the transformer was energized at 200
percent load for 2 hours. This was followed by 6 hours of operation at
100 percent load. Watt loss was measured throughout the test.

. Cold-Load Pickup Test Results: The detailed test results are
contained in Appendix B. In summary, within a relatively short
time, the losses stabilized at both loading conditions and re-
mained fairly constant throughout the remainder of each test

iteration. Subsequently, the transformer nassed the commercial
test.
o Cold-Load Pickup Test Conclusions: From the resnlts of the

tests, it was concluded that the tested amorphous metal-core
transformer can satisfactorily withstand being subjected to a
200 percent cold load when the transformer oil temperature is
=34 °C. Further, the transformer can operate satisfactorily
for an extended period at 100-percent load after the 200
percent load period. This realistic test demonstrated that the
transformer design is sufficient to adequately circulate the
transformer oil during a cold load. No damage to the trans-
former insulation is likely to occur as a result of hot spots
cansed by poor transformer circulation.

Saturation, Efficiency, and Regulation Tests. These tests were
conducted to compare the excitation current, no-load loss, load loss,
regnlation, and efficiency of the amorphous metal-core and silicon-steel
transformers under loading conditions of 50 percent, 100 percent, and 150
percent. of rated load. The tests were run as described in the Phase T
test descriptions.




® Saturation, Efficiency, and Regulation Test Results:

- Saturation: The excitation current in the amorphous
metal-core transformer was significantly lower (0.25 to
0.5) than the excitation current in the silicon-steel
transformer for all loading conditions and all values of
secondary voltage. The test data are listed in tabular
form in Appendix D, and illustrated in Figures 4 through
7.

- No-l.cad losses: The no-load losses of the amerphous
metal-core transformer were significantly lower than the
no-load losses of the silicon-steel transforimer for all
loading conditions and all values of secondary vcltage.

At 100 percent of rated flux voitage, the no-load loss of
the amorphous metal-core transformer was 27 percent of the
no-load loss for the silicon-steel transformer. The actual
values closely approximated the nameplate values for both
transformers. The test data are provided in tabular form
in Appendix D and in Figures 8 through 11.

- Regulation: Both the measured and calculated percent
regntation of the amorphous metal-core transformer was
better (lower) than the measured or calculated percent
regnlation of the silicon-steel transformer at 50 percent,
100 percent, and 150 percent load for both 0.8 and 1.0
power factors. The test data are provided in tabular form
in Appendix B for all loading conditions, and illustrated
in Figure 12 for 100 percent loading.

- Efficiency: Both the measured and calculated efficiency of
the amorphous metal-core transformer was better (higher)
than the measured or calculated efficiency of the silicon-
steel transformer at 50 percent, 100 percent, and 150 per-
cent load for both 0.8 and 1.0 power factors. The test
data are provided in tabular form in Appendix B and illus-
trated in Figure 13 for 100 percent loading.

The electrical parameters of the amorphous metal-core transformer
showed very little variation from previous values after the saturation,
efficiency, and regnlation Lests were completed. See Appendix A for the
detailed results of the commercial tests conducted before and after the
saturation, efficiency, and regulation tests.

b Saturation, Efficiency, and Regulation Test Conclusions: The
amorphous metal-core transformer performed better in all tests
than the silicon-steel transformer. There were no significant

changes in the electrical parameters of the amorphous metal-core
transformer as a result of the testing.

Safe Transit (Shake and Drop) Tests. These tests were conducted to

demonstrate that the transformer could withstand the shocks and vibrations
enicountered during a simulated cross-country shipment, with no significant
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mechanical damage and no significant change in electrical performance
characteristics. Two tests weare run: (1) a 4-hour test on the safe
transit machine at 160 rpm to simulate two cross-conntry shipments by
truck, and (2) a 4-foot drop of the transformer onto a hard surface (to
simulate inadvertent mishandling during transit). After the shake and
drop tests, the transformer was subjected to the commercial tests to de-
tect any changes in electrical performance and to an antopsy where the
transformer core was removed from the tank and inspected {or damage. The
pass/fail criteria are described in the Phase | test descriptions.

* Safe Transit (Shake and Drop) Test Results: The transformer
passed the shake and drop tests with no significant external
damage. When the shake and drop tests were completed, the
amorphous metal-core transformer was subjected to the commer-
cial tests. The transformer passed the tests with a 3 percent
drop in no-load loss, which was substantially less than the
allowed 10 percent drop. There were no significant changes in
the other electrical performance parameters of the transformer
(see Appendix A).

. Safe Transit (Shake and Drop) Test Conclusions: The pre-
liminary conclusion from the shake and drop tests was that the
transformer passed the tests. See the antopsy test resnlts in
the following paragraph for further discussion of the test
results.

Post-Shake and Drop Test Autopsy. The post-drop untanking and
inspection was done to determine the extent of mechanical damage, if any,
to the transformer core or internal structures as a result of the drop
test.

* Post-Shake and Drop Test Antopsy Results: When the transformer
was untanked, minor mechanical damage to the tank bottom (a
bowed core/coil and cracked core/coil pressure plates) was
found. In addition, amorphons metal-core particles were found
on the bottom of the tank, on the inside of the bottom frame,
and on the coils. See Figiure | in Section 8 of Appendix R.

. Post-Shake and Drop Test Autopsy Conclusicns: The criteria for
passing the test were that there had to be no evidence of the
amorphons metal flaking in the transformer core and there had
to be no evidence of mechanical damage to the transformer in-
ternal structures that could jmpair the long-term, reliable
operation of the transformer as a result of the drop test. The
mechanical damage to the oxterior of the tank and to the inter-
nal core/coil support structures was not considered to he serious
considering the severity of the test,

The presence of amorphous metal particles in the tank, on the coils, and
in the tank oil was considered serious. The presence of these particles
woilld reduce the coil-to-coil insulation margin of the transformer.
Therefore, it was concluded that the transformer had not passed the
post-test antopsy.




NOTF.

After all Phase [ tests were completed, the transformers were returned
the General Electric Company Distribution Transformer Division plant,
Hickory, North Carolina. At the suggestion of NCE[ engineers, General
Flectric devised a production~line change to completely encapsulate the
core and correct the problem.

Phase 11

The identity, objectives, and pass/fail criteria for the Phase ]
tests are described in the Phase 11 test descriptions. The sequence of
testing for each transformer tested in Phase Il is set forth in the Phase
Il test sequence. The General Electric Company test data are contained
in Appeudix E.  The results and conclusions from the Phase T1 tests are
provided in the following paragraphs.

Cross-Country Test. The cross-country test was conducted to
demonstrate that the amorphous metal-core transformers conld withstand
the shocks and vibrations encountered in cross-country shipment by com-
mercial truck with no mechanical damage or change in electrical per-
formance.  For this test, five 25-kVA amorphons metal-core transformers
were shipped by commercial truck from Hickory, North Cavolina, to Port
Hiueneme, California, and back to North Carolina by commercial truck.
Standard commercial packing anl handling procedures were nsed.

g Cross-Country Test Results: From the results of the post-
transport untanking of the transformers, there was no visible
damage from the approximately 5,000-mile trnck transport of the
transformers. The results of the bhefore and after commercial
tests indicated no changes in electrical performance parameters
that were outside the allowed variations. Therve was no indica-
tion of amorphous metal particle flaking in the four encapsulated
transformers.  Fifteen small amorphons metal particles were
found in the bhottom containment. box of the nonencapsualated
transformer.

N Cross-Country Test Conclusions: All Tive transformers passed
the cross-country test, and the subsequent commercial and un-
tanking and autopsy tests (see Appendix A for the commercial
test resnlis). It was further conclnded that the amorphons
metal-core trausformers conld withstand the tyvpical shocks and
vibrations encountered in cross-country truck shipment without
physical damage or significant change in electrical parameters.

3-Foot Drop Test. The 3-foot drop test was conducted on three of
the transformers to simulate the shock that the transformer would receive
if it was mishandled, and inadvertently dropped, from a height of 3 feet
( from the bottom of the transformer tank) to a hard surface.  The test
procedure, test data, and test photographs are contained in Appendix F.




¢ 3-Foot Drop Test Results: The resnlts of the drop test were as
follows:

- In all three transformers, the tink bottom had bulged and
the bottom clamp had been bent, but none of the embossed
areas of the containment tray were punctured.

- The top and bottom clamp assemhlies of all three units
were very clean. There was no evidence of amorphous metal
particles.

- There were seven small amorphons metal particles in the
bottom of the nonencapsnulated (ransformer containment box.

- There were four small amorphous metal particles inside the
bottom containment box of one of the encapsulated trans-
formers (serial number P26°887-YOR).

- There was one small amorphous metal particle inside the
bottom containment box of the other encapsulated trans-
former (serial number P2638853-YOR).

- There were no amorphons meial particles in the o0oil or the
inside of the transformer tank of all three transformers.

. 3-Foot Drop Test Conclusions: VFrom the 3-foot drop test results,
it was concluded that the encapsulated transformers passed the
test. The significance of the test resnlts is that the amorphous

metal flaking problem experienced in the drop tests of Phase 1
has been solved.

DISCUSSITON

NCEDL successfully verified the veliability and performance of amor-
phons metal-core transformers over a S-month test period.  The amorphous
metal-core transformers met or exceeded the ANSTUTEEER or NEMA standard
for all tests condncted.  The amorphons metal-core transformers performed
better in all tests when compared to conventional silicon-steel trans-
formers., In addition, NCEL verified that the no-load losses of the
amorphons metai-core transformers wore oqual oo on Tower than the values
claimed by the transformer mannfacturer,

Miring Phase 1 testing, a problem was divoovered with amorphons metal

particles hreaking loose from the transformer core. These particles were
found in the bottom of the tank, on the inside of the bottem frame, and
on the coils of the transformer. Consequently, the amorphous core trans-
formers faild the safe transit tests.  NCEL suggested a production-line
change to General Klectric, recommending complete encdpsulation of the
transformer core.  This recommendation was implemented by the General
Flectric Company. Subsequent testing in Plose 1T demonstrated that the

amorphons metal flaking prohlem had heen vosolved through complete en-
capsulat ion of the amorphons transformer cooo




CONCLUSIONS

In every electrical p.rformance test, the amcrphous metal-core
transformers met or exceeded the ANSI/IEEF or NEMA standard for the test.

The amorphous metal-core transformers also passed other inore stress-
inducing tests, such as the energized impulse voltage tests, the front of
wave impulse test, the safe transit test, and the cold-load pickup test.

In every test where the electrical performance of amorphous metal-
core and silicon-steel transformers was compared, the amorphous metal-
core transformers performed better than the silicon-steel transformers.

The no-load losses of the amorphous mrtal-core transformers were
equal to or lower than previous predictions made by the transformer
manufacturer.

The amcrphous metal flaking problem discovered in the Phase I tests
appears to have been solved effectively by the prodiuction-line modification
made at the suggesticn of NCEL engineers.

Based on the test results, it is reasonable to expect that the amor
phous metai-core transformers will operate with equal or better reliability
than the silicon-steel transformers over the nominal lifetime of a trans-
former.

RECOMMENDAT IONS

Based on the results of the tests, the following recommendations are
made:

1. Up to 500 kVA amorphous metal-core transformers should be procured as
replacements based upon life-cycle cost analysis for up to 500 kVA pol, -
chlorinated biphenyl (PCB) contaminated transformers and for replacement
of other transformers through S00 kVA requiring replacement due to age,
loading, or maintenance.

2. The development and commercial availabilily of larger kVA-capacity
amorphous metal-core transformers should be closely followed.

3. As larger kVA-capacity transformers become commercially available,
they should be procured as replacements for similar size PCB-contaminated
transformers, and for replacement of other similar-size transformers
requiring replacement due to age, loading, or maintenance.

4. All amorphonus transformer cores shonld be specified as fully encap-
sinlated in order to eliminate metallic (laking.

20




S3INS9Y 3S9L JO AJRWUMG IATINDOXY

— J - T " T T T ‘\“% CTT T T ST T T T T
21 '095 0861 - 06°'21°/93 ISNV 9 abed ﬁul X d }IN2IT) jI04g
SPOYIaW ISIL 1861 PIuwariyesay H961 - LOU VIEN
13po] ¥S31) [0°Z VIEN
1 SITWTT) C0°0 D35 2 UOTSTIASY 0861- 141 VIEAN 9 oabed X d 1 AI¥) cfe3rop 20usniyul orpey
. N |
$3IS3L ,I9Y30.. ISNV
IE— - g?lirlil\i\ iwﬁ:blln\iil(tll%f‘ 11111 e ——
0861 - T4l VIGN
9861 - Ib1 "P3S IIII/ISNV
1 "29% 0861 - 06°21°290 ISNV 5 abeq X d {3n37 punog w
1l "935 0861 - 06°21°.S3 ISNV g afeq d d as1y ainjezadus] w
6 "995 0861 - 06 21 °LS3 ISNV g afed 3 o) sso] peo/aouepadul A
6 "09¢ 0861 - 06 21 /5D ISNV © abed 2 2 soueystsay SuTputM |
G0 "235 0861 - 06 °21°/90 ISNV b abed X * asindw] “AeM-paddoy) _
5°01 235 0861 - 06°21°/90 ISNV H abed d d aSny -[ SAEM-TIN4 ﬂ
I1| !
s3sal ,ubrsaq, ISNV %
8 295 0861 - 06 217290 ISNY ¢ afey P 2 jus3an) SHUTITOXI/SSOT] PeROI-ON
» 0l 295 0861 - 06°21°/.93 ISNY ¢ abed d d 3}SB3L [PT3U8304 pednpul
01 "295 0861 - 06 21 .90 ISNY ¢ abeg d d ¥sal DJIN1 abe3r1op patiddy
Z°00 295 0861 - 06 21 /.90 ISNV ¢ abeq d d s3] DITH abeitop pariddy
9 "235 0861 - 06 21 LS50 ISNV 2 abed d d {311eT04
L 935 0861 - 06 21°/90 ISNV 2 ofeq d d oT3Ry
_ O U S SO,
burysal ,,surinoy, ISNY
I - — e ﬁlzl N
COA#&Ahwaﬁ erTIa3Ta) snie3yq 3Isal sn3e}g 3sal
pasn paiepue}g 3sal iTe4/ssed 13935 40DI11g 1e39l snoydaouwy Sut3sa] I aseld
y22(qo 31say TI9 A SL/YAN S2 k‘Jam A GL/YAN G2 |
lllll . NS S - _J

1

Rl




30N 4q poutop S33mM S3ISI3 Isayl

‘spaepuels Vgl Io/pue ISNY {q PaITnbal IO pauTISp 30U 31 53SDY SSSYL = mm
S3 TUN [I33}S UODTTTIS 103 weaboad 3S3] JO 3Ied ION 3S3L STYL = X
ssed patirrend = P
p2zTHI5UT 3TUN YFTM 3}SBL BURS 335 = =
2TqeyTeAy eTI3313]) [Te4/SSed ON - po3ardwd) Hurysal = o
}SSL payTey = 4
}s3] passed = d
5 e A it A — T —
;. 2bed o} o) {oust2t 333 g Uotrjernboy ~1
/ afed o] o) S3AING UOTIEINFEG -
L 2bed ® d dayo1d peol-pro)
[ 2bed o} o] paz1b6a3u3- Sutuuesg paiel juj
9 sfed % W d (doq g 2¥eyg) 3sal 3TSueRl] Ijeg «
5 26ed o : d PaZ1613U3-2STNdU] SABM JO 3uUOI4 |
4 afed X d pazrfasuz-assindu] saeM-poaddoyy
H abed X d pazT6asuz-osTnduTl SaeM-TTn4
v afed % * asnydwy 2AeM Jo jucxy |
........... N S S
53S9 TeUOTITPPY*x “
I T S e ——
Hor3dransag eTIaFTI) sn3e3g 3sal snjye3s§ 3sal _
pasn paepue3s§ 1SaL It1e4/Ssed 1993S uodTI1§ Te3a snoydaouwy Sui4mm] I 3seyd _
308lqo 3s9L TI9 AX SZ/YAAN S2 | 119 AN SL/vAd 62 W

{ PONUTIUOD) SITNSBY 3S3L JO AJewung 3ATINDaXJ




-spiepueg YHAN 10/pue [SNY &q poiInbei 1o pauTrisp 10U S1B SIS ISOYL
s[qe[TeAY BTi9111) [Tej/SSed ON - peie(dwo) Julisal]

01 28ey

<07

c'0l '6 '§ ‘H SUOTIOSG
0861 -~ 06 T L¢D 1SNV 01 9%ed

S 0T

‘crQ1 ‘6 ‘g ‘4 UOTIISS
0861 - 06°CTL 2€D ISNV 5 23ed

790N Sq pauTjep 219M S1S8] 9S3YL

il
1

]
S

1s9L palIRg
1s9] peossed

hu
Q. fa

4 w158 deag-1sod

px

1
o)
2]

9] doag

d 2359 Surddryg A121N0)H-SS01)

uoT13dTaos9(@ BTISATIY
[1ed ssed
aAraoelqp 1s9]

posn SpiepuR1g

|

Sn3B1S 1S9 |

Ie19K snoydiowy |
VAN/TIE A SL VAA €T

Sutasal ]I 9seyud

s17nsay 1S9], jo LIpWWNG SATINDBXY




FUTURF. WORK

Amorphous metal-core transformers are an emerging new technology
that will meet the typical wide swings in Navy transformer load re-
quirements of no-load to fnll load. Currently, 25-kVA through 75-kVA
production-grade amorphous metal-core transformers are commercially
available. Pilot-line 75-kVA through 500-kVA amorphous metal-core trans-
formers are also available. Industry projections indicate that amorphous
metal-core transformers will be price comparable in the 1990s and will
eventually dominate the transformer market.

NCEL will focus efforts on low core loss transformer technology due
to the potential of large Navywide energy savings. FEight three-phase,
pad-mounted, amorphous metal-core transformers (three 75-kVA units and
five 150-kVA units) are currently being field tested by NCEIL at Pearl
Harbor, Hawaii. NCEIL plans to field test a 300-kVA unit at the Pacific
Missile Test Center, Point Mugu, Galifornia.
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Table 1.

Phase 1 Transformer Test Sequences

Amorphous Metal-Core Transformer Test Sequence

Serial Number
P217059-YZA

Serial Number
P217060-YZA

Serial Number
P217061-YZA

Commercial Testsa
Short-Circuit Test
Sound Level Test
RIV Test A
C-mmer-ial Tests
4~hour Shake Test
Commercial Tests®
4~Foot Drop Testa
Commercial Tests
Autopsy

RIV Test

Commercial Tests®?
100% Temperature Rise
170% TemperatureaRise

tommercial ifests
Impulse Tests
(Energized)

Infrared Scan

RIV Test

Commercial Tests

100% Temperature Rise
170% Temperature Rise
Commercial Tests
Cold-Load Pickup Test
Commercial Tests
Regulation Tests
Efficiency Tests
Saturation Tests
Commercial Tests

Silicon-Steel Transformer Test Sequence

Serial Number
P239216-YOB

Serial Number
P239217~Y0B

Infrared Scan
100% Temperature Rise
150% Temperature Rise

100% Temperature Rise
150% Temperature Rise
Commercial Tests

Commercial Tests
Regulation Tests
Efficiency Tests
Saturation Tests
Commercial Tests

a . . .
The commercial tests included the ratio test, full-wave impulse

test, applied potential tests (HLIC and LHIC),

induced potential

(400~Hz) test, no-load/exciting current test, winding resistance
test, and impedance voltage/load loss test.

b
The impulse tests (with the transformer energized) were conducted

in the following order:
400-Hz front-of-wave test,
and LHIC tests.

400-Hz full-wave test,

25

reduced full-wave test, chopped-wave test,

and 400-Hz HLIC




Table 2.

Phase II Transformer

Test Sequences

Serial Numbgr
P217059-YZA

Serial Number
P217060-YZA®

Serial Numbgr
P217061-YZA

Commercial Test
Cross-Country Test

Commercial Test
Cross-Country Test

Commercial Test
Cross-Country Test

Commercial Test

Autopsy

Autopsy

Commercial

Commercial Test
Autopsy
3-Foot Drop Test
Autopsy

Serial Numbgr
P265882-Y0OB

Serijal Numbgr
P265885-YOB

Commercial Test
Cross-Country Test
Commercial Test
Autopsy

3-Foot Drop Test
Autopsy

Commercial Test
Cross-Country Test
Commercial Test
Autopsy

3~-Foot Drop Test
Autopsy

a
Amorphous metal-core transformer

with encapsulated core.

24




Table 3.

Summary of Temperature Rise Results

Amorphous and Silicon Transformers at 100% of Rated Load

. Top 0il HV Winding LV Winding
Serial Core , . .
Number Material Temg Rise TempORxse TempoRlse

7C) ) (°C)
P217060-YZA Amorphous 39.1 48.9 47.5
P217061-YZA Amorphous 39.4 51.7 50.4
P239216-Y0B Silicon 53.7 60.2 58.6
P239217-Y0B Silicon 52.1 59.6 60.8
Avg Silicon Temp Rise (°C) 52.90 59.90 59.80
Avg Amorphous Temp Rise (°C) 39.25 50.30 48.95
Temp Rise Difference (°C) 13.65 9.60 10.85

Amorphous at 170% Rate

d Load and Silicon at 150% Rated Load

P217060-YZA Amorphous 101.71 127.5 122.4
P217061-YZA Amorphous 101.71 129.2 123.4
P239216-YOB Silicon 102.1 120.6 112.5
P239217-Y0B Silicon 99.81 118.8 110.2
Avg Amorphous Temp Rise (°C) 101.70 128.35 122.90
Avg Silicon Temp Rise (°C) 100.95 119.70 111.35
Temp Rise Difference (°c) 0.75 8.65 11.55
27
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Appendix A

SUMMARY OF PHASE 1 TEST RESULTS FOR
25-kVA AMORPHOUS METAL-CORE TRANSFORMERS
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WESTINGHOUSE ELECTRIC CORPORATION ENGINEERING REPORT NO. 87-11

Reliability Testing of
General Electric Amorphous Metal Distribution Transformers
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D10 ENGINEERING REFPORT {##8/-11

Reliability Testing of 25 kVA
General Electric Amorphous Metal Distribution Transformers
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March 19, 1987

_ Y C
APPROVED: : )Qu SA) APPROVED: _ duom &,»?312484'

D. W. Whitley D. W. McFlroy” q‘
Mgr., ACT Product Effgineering Division Engineering™Mgr.
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R. R. Schrieber
ACT Project Manager
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March 20, 198/

1 certify that the attached Engineering Report #8/-11 is an accurate summary
of the testing done on three General Flectric amorphous distribution
transformers and two General Fleclric silicon steel transformers provided by
N.C.E.l ..

The tests which are specified by eilher ANSI or NEMA standards were done in
accordance with those standards. The other tests were done in accordance with
the N.C.FE.lL. statement of work. 1In the case of the drop test, the height was
changed from 3 feet to 4 feet at the tequest of N.C.E.L. persunnel witnessing
the tests.

L A N - a
/*/\c’wau.(ﬂ kL a/i/t-@« k(\

Py
Samuel L. Carter, Jr., P.E.

Fngineering
wWest inghouse Electric Corporation
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L. INTRODUCT ION
"The United States Naval Civil Fngineering l.aboratory (N.C.f.i..) engineers
are evaluating amorphous metal transformers as emerging new technology to
reduce electric baseload power consumption and as a PCB transformer
teplacement." As part of this evaluation, the N.C.E.L. contracted with
the wWestinghouse Distribution Transformer Division (DID) to test and
evaluate three 25 kVA General Flectiric amorphous metal transformers
(N.C.E.L. Requisition #N68305-6559-7//5L). Two 75 kVA General Flectric
silicon steel transformers were provided for comparison testing. All
transformers were provided by N.C.E.I.. and were teturned to N.C.E.l..
following test and evaluation. In January 198/, Westinghouse DID began a
rigorous test program to determine the viability of amorphous metal
transformers for Naval use. This report contains the results of that

Ltesting program.

1. CONGLUSLONS/RECOMMENDAT LONS

The three amorphous metal transformers tested and evaluated by D1D passed
all tests. Amorphous metal transformers with wound cores are a viable
product and functionally suitable for applications such as reducing

electric baseload power consumption and replacing PCB transformers.

[1l. EXPERIMENTAL PROCEDURE /RESULTS
A list is given in Table 1 of the tests performed on the transformers with
amorphous metal cores. Some tesls were also performed on transformers
with silicon steel cores for comparison purpases. lhese tests are also
listed in Table 1. The test sequence for the transformers is given in
lable 2. Finally, the test descriptions and results are given in Sections

1 through 1L.

9725/R:8/bc/1




TABLE L. TESTS PLRFORMED

7% kVA 79 kVA
7Y% kV BILI. /5 kV BIL
AmoTphous Metal Silicon Steel Jlest Resuits/
lest Status lest Status =~ Description Section
ANSLT "ROUTINE™ 1ESIS
Ralio i P 1
Polarity I b 1
HIC ¢ P L
LHIC i’ P 1
400 H/ N (i 1
No-l.oad loss/Execiting Current C C L
ANSL "DESLIGNY TESTS
Full Wave Impulse P S 1
Chopped Wave Impulse X X 6
Winding Resistance G C 1
Impedance/l oad | oss G C 1
Temperature Rise i (o 2
Sound l.evel P X 3
ANST "OTHER" 1ESIES
Radio Influence Voltage (R1V) P X 4
Short Circuit r X p)
ADDLTLONAL. TEESIS x*
Front of Wave Impulse * X 6
ffull Wave Impulse-Energized P X 7
Chopped Wave Impulse-lnergized P X /
Front of wave Impulse-Energized P X 7
Safe Transit lesl (Shake & Drop) P X 8
Infrared Scanning-fnergized C C 9
Cold lLoad Pickup P X 10
Saturation Curves C C 11
Regulalion & [Lfficiency C C 11
P = Passed lest
I : Failed Test
C : Tesling Completed - No Pass/Fail Criteria Available
* - See Same Tes{ With Unit Energized
Q = Qualified Pass
X = This Test Not Part of Test Program for Silicon Steel Units
x % These Tests are not defined or required by ANSI and/or NEMA Standards.
These tests were defined by mutual agreement with N.C.E.L.. and specified
in the Statement of Work (pages 3, 4 & 5 of Requisition {#N68305-6339-7/31)
provided by N.C.E.L..
925/R:8/bc/?2 B-6
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1E5T DESCRIPTIONS AND RESULTS

L. Distribution Transformer Division (DID) Standard Tests

Ratio per ANSL C5/.12.90-1980 Sec. 7/

Polarity per ANSI C5/.12.90-1980 Sec. 6

Full Wave Impulse per ANST C5/.12.90-1980 Sec. 10.95

Applied PPolential (HI IC & LHIC) per ANSI C57.12.90-1980 Sec. 10.5
Induced PPotential (400 Hz) per ANSI C5/.12.90-1980 Sec. 10.4

NI. Loss/Exciting Current per ANS1 C5/.12.90-1980 Sec. 8
Impedance/l.oad |oss pet ANS1 C5/.12.90-1980 Sec. 9

These commercial tests are performed on each DID transformer before it is
shipped. 1n general the tests indicate the degree of consistency of
manufacturing procedures and processes and serve as a check on the quality
of the transformers. The amorphous metal transformers were commercially
tested upon teceipl and at other times during the test sequence when
required. The amorphous metal transformers all passed the "as received"
commercial tests (see Appendix A.1l for test reports).

Per ANSL C5/.12.90-1980 Sec. 11

One coil of amorphous metal transformer P217059-YZA was seclioned to
determine HV and LV conductor cross-sectional areas. These
cross-sectional areas were used in the calculation of the LV and HV
winding temperature rises for the amorphous metal transformers according
Lo ANST €5/.12.90-1980 Sec. 11.3.1.1. For the silicon steel transformers
at 100% load, the 1.V and HV winding temperature rises were calculated
assuming winding load losses less than 14 watts/lb. and using a 1°C/minute
after shuldown correction according to ANSL C5/.12.90-1980 Sec. 11.3.1.1.
for the silicon steel transformers at 150% load, the winding temperature
rises were calculated using the cooling curve method according to ANSI
C5/.12.90-1980 Sec. 11.3.1.2.

Test results at 100% load were (test reports in Appendix A.2):

Serial Cote Top 0il HV Winding LV Winding
Number Material Rise (°C) Rise (°C) Rise (°C)
P?21/060-Y/ZA M 39.1 48.9 47.5
P7L/7061-Y/A AM 39.4 SL.7 50.4
£739716-Y0B Silicon St. 93.7 60.2 58.8
P239721/-y08 Silicon St. 972 .1 59.6 60.8

All of the above units operated under the ANS1 65°C temperature rise
limit. The amorphous metal (AM) units operated at lower temperatures than
the silicon steel units. The temperature rises are a function of the
losses of the core/coil as well as the cooling surface of the tank.
Amorphous metal core/coils tend to be physically larger than silicon steel
core/coils with the same design value for losses. 7The amorphous metal
units may be in larger diameter tanks, as was the case here, and therefore
may tend Lo have lower temperature rises.

n-8
925/R:8/bc/4
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1t was also planned to make temperature rise measurements on the above
units at 170% load (not a required ANS1 test). 1t was nol possible to
test the silicon steel units at 170% load because the oil temperature
would have exceeded the flashpoint. Therefore, the silicon steel units
were tesled at 150% load. Test results were (test reports in

Appendix A.2):

Serial Core Top 0il HV Winding LV Winding
Number Material Load Rise (°C) Rise (°C)_ Rise (°C)_
P217060-YZA AM 170% 101.7 127.5 172.4
P217061-YZA M L70% 101.7 129.7 1725.4
P239216-Y0B Silicon St. 150% 102.1 120.6 112.5
P239217-Y0B Silicon St. 150% 99.8 118.8 110.2

The above units passed commercial tests following temperature rise testing
(test teports in Appendix A.2).

3. Sound Level

Per ANSI C57.12.90-1980 Sec. 13
ANS1/1EEE Std. 141-1986
NEMA TR1-1980

Sound level tests were performed on an amorphous metal transformer after it was
subjected to short circuit testing (see Section 5). The sound level
measurements represented "worst case” conditions, since shart circuit testing
could increase sound level by loosening and/or fracturing core laminations if
it were possible to do so.

Transformer P?71/059-YZA had a sound level of 32.4 dB(A) at 100% rated voltage
(very low - only 0.1 dB(A) greater than semi-anechoic chamber) and 37.35 dB(A)
at 110% rated voltage. The sound level measured at 100% voltage is well below
the NEMA limit of 48 dB(A). 1There is no ANSI limit on the sound level at 110%
voltage. The test report is included in Appendix A.3.

4. Radig Influence Voltage (RIV)

Per NEMA TR1-1980 Revision 2 Sec. 0.03 (Limits)
7.01 (Test Code)
107-1964 Reaffirmed 1981 (Test Methods)

Amorphous metal transformers P21/059-YZA, P?1/060-YZA, and P?21/061-Y/A produced
no RIV at 100% or 110% rated voltage (test record in Appendix A.4).

5. Short Circuit

Per ANSL (57.12.90-1980 Sec. 12
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The short circuit test results on amorphous metal transformer P?217059-YZA are:

SC % Z % 1o Inrush Current

Current Change/ Change/ X Normal

X Rated Limit Limit ~ lst Peak 6th Peak
40 ¥5.5/11.1 ¥1.0/25 28.8 12.8

* As determined from before and after (W) standard commercial tests.

this transformer passed the short circuit test. Standard commercial tests
following the short circuit test and an autopsy of the transformer revealed no
damage attributable to short circuit testing. Short circuit and standard
commercial test results are in Appendix A.5.

Magnetizing inrush current tests were also done on this unit (see above
results). There are no industry standards on magnetizing inrush current
tests. The magnetizing inrush current measurements were made under conditions
which should have resuited in maximum peak inrush currentl.

6. Chopped Wave and Front of Wave Impulse

Per ANSL1 C5/.12.90-1980 Sec. 10.5

Note that front of wave impulse is not a defined ANS1 test for distribution
transformers.

In order to increase the severily of these tests, they were performed with the
transformer energized at rated voltage. See "Impulse Tests With Unit
knergized", Section 7.

/. lmpulse Tests with Unit Energized
Per ANSI CH/.12.90-1980 Sec. 10.5 except with unit energized at rated valtage.

These experimental tests, which are neither required nor defined by ANSI, check
the insulation strength of the transformer under simulated field operating
conditions.

first, amorphous metal transformer P21/060-YZA received a reduced full wave
impulse on each HV bushing to generate "baseline” waveforms for comparison with
full wave impulse waveforms to be generated at the end of the test. Then the

t ransformet passed 88 kV (1.6 usec to chop) chopped wave impulse and 135 kV

(.5 usec to chop) fronl of wave impulse tests. To doublecheck the chopped

wave and front of wave oscilloscope indications, the unit received and passed
induced voltage (400 Hz) tests after the chopped wave and after the front of
wave tests.

B-10
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Next the transformer received the /5 kV full wave impulse test. 1he
oscilloscope figures (see Appendix A.7) revealed two anomalies in the wave
shapes produced by full wave impulse. First, the full wave tails rose above
the reference line (Figures A.7.4A and A.7.4B) while the normal reduced wave
tails rose to the reference line (Figures A.7.1A and A./.1B). Second, the full
wave in Figure 4A had a "kink" halfway between the peak and the reference line
while the normal reduced wave had a "smooth" curve from the peak to the
reference line. To delermine if the anomalies signaled a failure in the
insulation, the unit was given an induced voltage (400 Hz) test and applied
voltage tests (HLLIC and IlHIC). The unit passed both of these auxillary tests
and was considered as having passed the full wave impulse test. To conclude,
the unit passed chopped wave, froni of wave, and full wave impulse tests with
the unit energized at rated voltage. The test record is in Appendix A.7.

8. Safe Transit

Safe transit tests include a shake test (4 hours on the safe transit machine at
160 Tpm) and a drop test (4 feel onto a hard surface). The drop test was
changed from 3 feel as specified in the N.C.E.L. Stalement of Work to 4 feet at
the request of N.C.E.L. personnel witnessing the test. The shake test is
designed to simulate a transformer traveling twice the distance from the east
coast to the west coast in a transfer truck. The drop test is designed to
simulate a transformer being improperly unloaded from the back of a utility
truck. To pass the safe transit tesi, the transformer musi complete the shake
and drop tests with less than or equal to a 10% increase in no-load watts. The
transformer also must pass DTD standard commercial tests after the shake test
and after the drop test.

Amorphous metal transformer P217059-YZA was safe transit tested. The shake
test resulted in no change in no load watts and the drop test resulted in a 3%
decrease in no load watts. The transformer passed standard commercial tests
after the shake and drep tests. The unit passed the safe transit test. Test
tecords and reports are in Appendix A.8.

925/R:8/be/ 7




After the safe transil test, the unit was autopsied. During the autopsy, some
mechanical damage was found such as a bent and distorted tank bottom, bowed
core/coil top frame, and cracked core/coil pressure plates. 1his type of
damage was not considered unusual in a 25 kVA transformer dropped from a height
of four feet. Amorphous metal particles were discovered oulside the core
assembly. Specifically, they were found in the bottom of the tank, on the
inside of the bottom frame (see Figure 1) and on the coils. Even though the
unit passed the safe transit test and subsequent commercial tests, the presence
of amorphous metal particles in the oil environment could lower the dielectric
strength of the 0il and/or reduce the insulation margin of the coil. This
could be a greater concern in transformers operating at higher voltages than
this one, and could be expected to play a more important role as the insulation
system ages.

\{& AR

Figure 1. Amorphous Metal Particles 1nside Bottom Frame
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9. Infrared Scanning

An amorphous metal transformer P21/060-YZA and a silicon steel transformer
P239216-Y0B were energized at various voltages and observed with infrared
imaging equipment. The observations were recorded on a video cassette
tape which was given to the N.C.E.L. This service was performed by
Pedascan Inc. of Foristell, Missouri. Infrared imaging gives a visual
indication of the relative amounts of energy required to magnetize the
different cores

10. Cold Load Pickup

A cold load pickup test was conducted on an amorphous metal transformer
P217061-YZA. This test was designed to simulate the following conditions:

1. Power outage in cold (=-35°C) environment.

2. Replacement transfarmer brought from cold (=-35°C) warehouse to
restore service.

3. When service is restaored, everyone turns on heat, appliances, etc.
This puts a heavy load on a very cold transformer with oil viscosity
much higher than normal.

The purpose of the test was to determine if the above conditions would
have any injurious effect, such as thermal instability, on the
transformer's operation.

For the test, the unit was placed in a cold chamber at -38°C. After the
transformer oil reached -34°C, the unit was eneiyized at 200% load (LV
winding shorted). Watt loss was measured for the next 2 hours. The load
was then reduced to 100% and watl losses were measured each hour for the
next 6 hours (test report in Appendix A.10.).

There was no indication of thermal instability. Further, the unit passed
all commercial tests (test report in Appendix A.10.) following the cold
load pickup test. 1o conclude, the transformer performed satisfaclorily
during the cold load pickup test.

11. Saturation/keyuiation/Efficiency

Temperature Rise Tests per ANSI C57.12.90 - 1980 Sec. 11
Saturation Curves per ANSL C5/.12.90 - 1980 Sec. 8
Regulation Calculations per ANS1 C5/.12.90 - 1980 Sec. l4.4
Ffficiency Calculations per ANSI C57.12.90 - 1980 Sec. 14.3

50%, 100%, and 150% load temperature rise tests were daone on amorphous
metal transformer P2L7061-Y/ZA and silicon steel transformer P239716-Y0OB to
obtain the data needed to plot percent regulation and percent efficiency
versus percent load (see Appendix A.11 for temperature rise test

records). Immediately after "shutdown" of each temperature rise test,
no-load loss/excitation current measurements were made to obtain
saturation curves for 50%, 100%, and 150% lerading conditions.

B-173
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Saturation, regulation, and efficiency are functions of transformer design
parameters such as core design induction, core material, number of low
voltage winding turns, low and high voltage conductor sizes and materials,
etc. A comparison of the saturation, regulation, and efficiency of an
amorphous metal versus a standard silicon steel transformer (based on
units supplied by N.C.E.L.) yields the following conclusions:

1. From Tables A.11.1 through A.11.8 and Figures A.11.3 and A.11.4 (see
Appendix A.1ll), the exciting current of the amorphous metal
transformer is less than the exciting current of the silicon steel
transformer for loads up to 150% and voltages up to 110% of rated
nameplate voltage.

2. From Tables A.11.9 and A.11.10 and Figures A.11.5 and A.11.6 (see
Appendix A.1l), the percent requlation of the amorphous metal
transformer is less than the percent regulation of the silicon steel
transformer for loads up to 150% and voltages up Lo 110% of rated
nameplate voltage at power factors of unity and 0.8 lagging.

3. From Tables A.11.11 and A.11.12 and Figures A.11.7 and A.11.8 (see
Appendix A.1ll), the percent efficiency of the amorphous metal
transformer is greater than the percent efficiency of the silicon
steel transformer for loads up to 150% and voltages up to 110% of
rated nameplate voltage at power factors of unity and 0.8 lagging.

Both transformers passed all commercial tests (see Appendix A.ll for
test reports) following the saturation/requlation/efficiency tests.

B-14
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TRANSFORMER éz 5 E
TYPK: TEMPERATURE TEST ON .______uli K.V.A,
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TRANSFORMER §TYLE d?m &LOZ:LC{

CONNECTED NV H1éd voLTs L.v._ZAQ_/_;’iQ____ VOLTS
LOAD H.V /5% > ¢.0 e AMPE. L.V 156 AMPE. Go cve
WATTS PER LB. H.V i LV ? MAGNETIZED. vOLTS CYCLES ON
GALLONS OIL CIRCUIT TEST METHOD e NO. OF RADIATORE____ D _ . no. Tuses_£2_
. 7
REMARK / / 1) Ok Cipmn OfaAuLdnrr—-
TIME AFTER TEMP. H.V. WINDING BY RESIBTANCE TIME AFTER TEMP. L.V. WINDING BY RESISTANCE -
$HUTDOWN AMB. BRIDGK RATIO TEMP. CORREC- AVE SHUToOWN AMB. BRIDGK RATIO TEMP. CORREZ- .
TEMP, READING oR K OHME oY RES, Tion TO WING. TEMP, READING OR X onms 8y RES. TION TO -
MIN. | BEC. SHDN. TEMP. MIN. | SEC. SHDN. z
9 S. 43 _ L 203fer+0ds500)x/ 40 1520 ;
2 lof P5%S” (X008t | 7.590 4RS! L7 (/6 (o2 *00%552 / ,02—23.5‘ 1357 :
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i rﬁu T -
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CURRENT __
OTHER REMARKS
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TRANSFORMER ; .d(/?( (ng
TYPE: __ﬁ/‘ TEMPERATURE TEST ON -2-5/ K.V.A. TRANSFORMER STYLE 12%e
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SOUND LEVEL TEST REPORTS

9257R:8bc/12 B-41




January 29, 1987

Roger Angelo Lucheta
Westinghouse Research Laboratory
1310 Beulah Road

Pittsburgh, PA 15235
Subject: Noise Test of Transformer

A report of the noise evaluation of a 25 kVA General Electric
transformer, s/n PZ217058-YZA, is attached. The evaluation was performed
by Or. Francis McKendree at the Westinghbouse Churchill Site during the

peri1od January 27, 1987 to January 29, 14987,

I have observed the performance of the tests and checked the
calculations 1n the report. I certify that these noise measurements
comply with the applicable provisions ANSI/IEEE Std. 141-1386, NEMA

standard TR 1-1980, and ANSI/IEEE C57.1Z.90-1380.

Roger Angeln Lucheta
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SOUND MEASUREMENTS OF 25 kVA
GENERAL ELECTRIC TRANSFORMER

S/N P2170569-YZA

Francis S. McKendree

Westinghouse R&D Center
1310 Beulah Road
Pittsburgh, PA 15235




DESCRIPTION OF TEST

Airborne sound pressure levels were measured in accordance
with ANSI standard (57.12.90-1980 for sound measurement of
transformers. The normal excitation was used, 120 V to each side
of the secondary, and 10% above normal, 132 V to each side of the
secondary. The room is a hemi-anechoic space located at the
Westinghouse Churchill Site, Building 302, Room 102C. The
measurements were made on 27 and 28 January 1987.

ANSI C57.12.90-1980 specifies that instrumentation for the
sound level measurements shall meet the requirements of ANSI S1.4-
1971 for Type 2 meters. The instrumentation used satisfies Type 1
requirements throughout. Type 1 compliance is inclusive of Type 2
compliance, since all requirements for Type 1 are more stringent
than those for Type 2.

Airborne sound pressure levels were measured at one foot from
the transformer case, beginning at the front center and spaced 90
degrees apart. The reported sound pressure levels are the
averages over the test positions, for the indicated excitations.
Narrow band sound pressure level spectra were also recorded at
each test position and condition.

The transformer was serial number P217059-YZA of 25 kVA
capacity. Because its noise levels were extraordinarily low, a
second procadure in the standard ANSI C57.12.90-1980, regarding
the use of narrow band spectra! measurements, was also employed to
give a better approximation of the actual sound pressure levels
emitted by the transformer.

EQUIPMENT USED

The equipment used for these measurements is [isted below:

Manufacturer Mode! Serijal Description/Notes
B&K 4220 1164904 pistonphone, 124.1 dB
nominal, NBS traceable
B&K 4145 819114 microphone, 1 inch
B&K 2613 226513 mic preamp
B&K 2603 9A6253 measuring amplifier
Gen Rad 1925 181228 1/3 octave multifilter
DEC 11/24 AG02930 laboratory computer system

with A/D




One-third octave band spectra were measured at each test
position for no excitation, 120 V, and 132 V excitation. The
spectra were summed on a true power basis in accordance with the
applicable standard. The A-weighted levels reported for the
transformers were derived from the spectra. The spectra and
derived, arithmetically-averaged A-weighted levels, are listed in

Table 1.
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TABLE 1

One-third Octave Bands and A-weighted Levels Measured
on Transformer P217059-YZA Under Various Excitations

BAND AMBIENT 120 V 132 V
50 36.8 36.€ 36.0

63 41.2 40.9 40.7

80 34.7 34.5 34.1

100 31.4 33.4 33.6

125 29.7 35.6 39.4

160 26.6 27.2 27.2

200 24 .2 24 .8 25.0

250 22.4 27.8 28.3

315 20.8 242 26 .2

400 19.9 25.4 29.2

500 19.0 23.2 33.8

630 18.7 22.4 34.4

% 800 19.2 20.6 26.8
27?992 1000 18.6 19.8 23.8
/ z Zﬁk 1250 18.4 18.9 22.6
1600 18.6 19.1 20.8

2000 19.3 19.6 20.2

2500 19.7 20.1 20.4

3150 20.4 20.6 20.9

4000 20.8 21.3 21.9

5000 21.0 21.2 21.6

dB(A) 32.4 34.0 38.6




ANST standard C5/7.12.90-1980 specifies procedures which are tc
be used if the ambient level measured in a given band, or with a
given weighting, are within 10 dB of the combined ambient and
transformer sound levels. For the ambient between 5 and 10 dR
below the combined level, a correction is allowed to produce a
reportable sound level for the transformer. If the ambient is
within § dB of the combined level, the level must be reported as
level which the tested unit "does not exceed".

The A-weighted ambient leve! was 32.6 dB before the tests and
32.3 dB after the tests, for an average of 32.4 dB. The average
A-weighted level was 34.0 dB with 120 V excitation, and 38.6 dB
with 132 V excitation to each side of the transformer secondary.

Since the ambient level is within 5 dB of the combined levei
with 120 V excitation, the A-weighed average is reduced by 1.6 df,
and the net level is reported as the level which the transformer

does not exceed:

"In accordance with ANSI C57.12.90-1980, the A-weighed sound
level of transformer P217059-YZA, when excited with 120 V,
does not exceed 32.4 dB(A) ."

The average A-weighted sound pressure level when the
transformer is driven with 132 V 1s between 5 and 10 dB above the
ambient. Reference to the standard indicates a correction of 1.3
dB i1s appropriate, and the net level shall be reported as the

sound level of the transformer:

"In accordance with ANSI C57.12.90-1980 except with regard to
the excitation voltage,, transformer F2i7059-YZA, when excited
with 132 V to each side -f the secondary, produces an average

A-weighted sound level of 37.3 dB(A)."
/agprl
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ANSI (57.12.90-1980 permits measurements of narrow band tonal
components. As the ambient noise is relatively broad band, a
better signal-to-noise ratio can be obtained with narrow band
measurements. When the tone levels of a transformer are to be
measured, the even harmonics of the |line frequency are to be
me:asured up to and including the seventh. For the unit under
test, these are 120, 240, 360, 480, 500, 720, and 840 Hz. The
tone levels are to be averaged over the specified positions on a
true power basis. The tones may be A, (, or linearly weighted,
and may be summed on a true power basis to give the average sound
level for the chosen weighting.

In ANSI S1.4-1971, a "sound pressure level® is defined as "20
times the logarithm to the base 10 of the ratio of the pressure of
a sound to the reference pressure", and a "sound 'evel" is defined
as "Weighted sound pressure level measured by the use of a
metering characteristic and weighting A, B, or C as specified in
this standard®. The A-weighting, originaliy developed as an
approximation to the Fletcher-Munson 40 phon curve and specified
as a set of time constants for an electrica! filter network, is in
ANST S1 4-1971 defined at discreie frequencies corresponding to
the center frequencies of the preferred 1/3 octave bands from 10
to 20,000 Hz.

The author uses a quadratic interpolation between the entries
ot this table to derive an ., 1ghting coefficient for a tonal
noise at a frequency not equal *o one of the preferred 1/3 octave
band centers. The error which may be introduced by this procedure
‘s far less than the tolerances which are permitted or a Class 1
implementation of the A-weighting network itself.

Narrow band spectra were measured on a 1 kHz frenquency range
with 400 lines of resolution, and the tone levels of the first
seven harmonics of 120 Hz were measured. The tone ievels are

presented in Table 2.
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TABLE 2

Tone Levels of Twice-line-frequency Harmonics

FREQUENCY AMBIENT 120 V 132 Y
120 23.6 35.7 39.9
240 12.4 27.7 ©9.2
360 6.4 24.8 31.0 ﬁ%;uyt
480 2.6 21.3 34.3 5Zﬁf£/£7
600 2.0 17.6 31.0 ;iqjééﬁv
720 1.7 13.9 25.4
840 2.2 6.3 20 6

All of tne tone levels, which wers measured with an effective
bandwidth of 3.2 Hz, were more tnan 10 dE above the ambient,
except for 840 Hz with 120 V excitation. This level was
originally 7.6 dB, which is 5.2 dB above the ambient. 1In
accordance with the ANSI standard procedure, the measured level
has been ieduced 1.3 dB and is reported as 6.3 dB.

Copies of 1 kHz and 2 kHz bandwidth spectral plots, for
ambient and enargized conditions at the front center of the
transformer, are included with this report. It is evident tiatb
the tone levels can be reliably measured, since they are clearly
above the ambient levels.

Table 3 shows the results of applying the A wecighting to the
first seven harmonics of the double line frequency. The A
weighting values shown are derived from a quadratic interpolation

from the tabulated A-weighting response curve in ANSI S1.4-1971.
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TABLE 3

A-weignting and A-weighted Tone Levels

Frequency A-Weight 120 V 132 V
120 ~16.6 19.1 23.3
240 - 9.0 18.7 20.2
360 5.6 19.2 254 77 ”
480 - 3.5 17.8 30.8 iyjﬂ
600 - 2.2 15.4 28.8 <ﬂ@qu2212¢
720 - 1.3 12.6 24.1 5ﬁa/
840 - 0.6 5.7 20.0
dB(A) sum 25.5 34.7

Examination of the 2 kHz spectral plots confirms that “he first
seven harmonics of twice the line frequency contain almost all of
the sound energy, even after the A weighting iz taken into
account. The tone level and band levels may be compared as shown

below 'n Table 4.




TABLE 4 W

Comparison of Tone and Band Levels at Selected Frequencies

120 Hz 125 Hz 240 Hz 250 Hz
Condition Tone Band Tone Band
Ambient 23.6 29.7 12 .4 22 .4
120 Vol 35.7 35.6 27.7 27.8
132 Volt 39.9 39.4 29.2 28.3

The tone and band levels are quite comparable for the
energized conditions, since in these bands the only significant
component is the tone from the transformer. Under ambient
conditions, the noise is relatively broad-band, so thc tone level
at a discrete frequency is considerably lower than the band level,

which encompasses a range of frequencies.

The band levels above 840 Hz are dominated by the ambient
noise, even with the transformer energized. The ANSI prccedure
for adjustment due to ambient noise is |limited to 1.6 dB, which is
inadequate to deal with noise levels as close to the ambient as

those documented in this report. Section 13.5.4 reads:

"13.5.4 If ambient conditions necessitate, the sound level
may be measured using discrete frequency components (see
13.6.4.)"

The sum of the levels of the first seven harmonics is 25.5 dB(A)
for the 120 V excitation, and 34.7 dB(A) for the 132 V excitation.
It will be recalled that the ANSI standard method applied to the




A-weighted measurements gave a result of "not exceeding 32.4
dB(A)" for 120 V and of 37.3 dB(A) with 132 V excitation. It s
the opinion of the author that the A-weighted results, though they
have been corrected in accordance with the ANSI standard, stifll

have resulted in an overestimate of the actual transformer levels.

"In accordance with the Optional Frequency Analysis Procedure
which described in section 13.6 of ANSI standard C57.12.90-
-1980, the sound level of transformer P217059-YZA on the
A-weighting scale is 25.5 dB(A) at 120 Volts excitation to
each side of the secondary, and 34.7 dB(A) with 132 Volts

excitation to each side of the secondary."
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4’ McGRAW-EDISON
St | POWER SYSTEMS

INDUSTRIES.

Mr. Dorraan Whitley
Westinghouse Electric Corporation
Newton Bridge Road

Athens, GA 30613

January 16, 1987

Subject: Distribution Transformer Test Report

Dear Dorman,

Enclosed is the test report covering the Short Circuit test on one
General Electric™ Distribution Transformer. The tests were
performed on January 16, 1987 at the McGraw-Edison Technical
Center in Franksville, WL

McGraw-Edisons' or Cooper Industries’ company name may be used
in promotional literature only if written permission is recefved for
each complete copy of promotional material received.

It was a pleasure testing for you Dorman and we look forward to
seeing you in the future.

Sincerely,

rar) fphanal

Ross Daharsh
Manager, Power Test Laboratories

1-(414‘1)E§§!§|6£?%9NTER

11131 Adams Road

PO Box 100

Franksvilie, Wl 53126

414/835-7921 B-64




McGRAW-EDISON POWER SYSTEMS
COOPER

INDUSTRIES

WESTINGEOCUSE ELEGCTRIC GORP.

SHORT CIRCUIT TESTS ON

ONE GENERAL ELECTRIC™ DISTRIBUTION TRANSFORMER

Performed By:

McGraw-Edison Power Testing Laboratories
McGraw-Edison Company
Division of Cooper Industries
11131 Adams Road
Franksville, Wi 53126

Test Date: January 16, 1987

TECHNICAL CENTER

11131 Adams Road
PO Box 100
Franksville, Wi 53126

414/835-2021 B-65 Research Reports
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‘NDUSTRIES

INTRODUCTION;

The test program consisted of a standard ANSI C57.12.90-1980 Short
Circuit Test Series on one General Electric™ 25 KVA Transformer,
Serial Number P217059 YZA. This transformer had a Primary
Voltage of 4160/7200 WYE and a Secondary Voltage of 120/240. The
nameplate impedance was 2.51 8 at 85° C. The test program was
performed at the McGraw-Edison Technical Center in Franksville,
WI under the direction of Mr. Dorman Whitley from the
Westinghouse Electric Corporation. The test was performed on
January 16, 1987.

PROCEDURE:

The transformer was impedance checked before, during and after
the Short Circuit Tests using the classical E/I method. 5 Amperes of
current was circulated in the secondary winding with the primary
open circuited. The resulting secondary voltage was recorded. The
current was metered with a Weston Ammeter, Model Number 370,
Serial Number 6911. The voltage was monitered with a Fluke
digital voltmeter Model 8000A, Serial Number 30437.

The test program was started with a magnetizing inrush current
test shot followed by a reduced voltage check shot to verify
impedances and metering. This was followed by the 6 ANSI test
shots; 3 symmetric, 3 asymmetric; 15 cycles in length except for
the long time shot required for heating. This shot was a minimum
of 47 cycles in length. The impedance was checked after each test
shot. The short circuit test data was recorded on a Honeywell
Model 1912 Magnetic oscillograph. All recorded data has a
laboratory accuracy of +33.

RESULTS:

The original data sheets and oscillograms from the test program
are included in the report Appendix.

The transformer passed the test program with a impedance change
of 5.75%.

TECHNICAL CENTER

11131 Adams Road

PO Box 100

Franksville, W1 53126

414/835-2921 B-66
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' CERTIFICATION OF PERFORMANCE

BY
WESTINGHOUSE ELECTRIC CORPORATION

Short Circuit Tests ona 25 KYA
General Electric™ Distribution Transformer

Serial Number P217059 YZA

This is to certify that the above transformer was tested at the McGraw-
Edison Thomas A. Edison Technical Center on January 16, 1987 in
accordance with ANSI Standard C57.12.90-1980.

All data recorded and presented has a laboratory accuracy of +3%.
REFERENCE OSCILLOGRAMS
87C337 - 87C345

The total impedance change was 5.75% after the completion of the 6 test
shots.

By the performance of these tests McGraw-Edison does not recommend or

endorse the use or application of the products, devices or systems tested.

XTHLLEFTTR
@J AM/ ‘d"" R .-f“"'.a,
K) ‘f_;,c v’ «;“.’;? s

O «-.% 220905, A
Ross S. Daharsh S e man T %
> [ PR
Manager, Power Test Laboratories 3350 3 Fi 2
S » e I e »
S E-28%I% L
- =2 .’39 TR R A = .‘,’
< Oﬂ-f, Lo R R
TECHNICAL CENTER T, T s
"\“. c’ ! \’ ‘.‘\
11131 Adams Road “, e’(_).:,““’c.: » 5
PO Box 100 'o," 1y - “.-,v

Franksville, Wi 53126 B-67 IO

414/835-2921
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APPENDIX

1. Original Film Data Sheet

2. Calibration Sheet

3. Original Oscillograms

TECHNICAL CENTER

11131 Adams Road

PO Box 100

Frankswille. W1 53126

414/835-2921 B-68
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THIS UNIT IS SERIAL NO. 0001
iT IS A 25 KUA RATED 4.16 KU AND B6.00962 AMPS
IT IS A CATEGORY 1 TRANSFORMER
SHORT CIRCUIT IMPEDANCE IS 15.72Z8 O0HMS
. B8.78217 +Jx 14,1906
ZId= 2.27Z1 LIX= 2.03 ZIR= .97978GS
4C TIMES RATED I IS 240.385 AMPS
LONG TIME TEST IS 46.25 CYCLES
MAXIMUM IMPEDANCE CHANGE IS 11.1393% PERCENT
'K FACTOR-PK ASYM/RMS SY¥M>» IS 1.7B6G02
R R T T R R R R R T R R s
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Figure A./7.1A. Reduced Full Wave - Bushing 1
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Figure A.7.18B. Reduced Full wWave - Bushing 2
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Figure A.7.2A. Chopped Wave - Bushing 1 Figure A.7/.2B. Chopped Wave - Bushing 1
Shot 1 Shot 2
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Figure A.7.2C. Chopped Wave - Bushing 2 Figure A.7.2D. Chopped Wave - Bushing 2
Shot L Shot 2
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$v LYND MDD Lyve MDD

Figure A.7.5A. Front of Wave - Figure A.7.35B. Front of Wave -
Bushing 1 Bushing 2
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Figure AL/ A, Full Wave - Figure AL/ 4B, Tull Wave -
Rustving L Bushing 2
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APPENDIX A.8

SAFE TRANSIT TEST REPORTS
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INGHOUSE UTD COMMERCIAL TEST REFOMT JRTEIOL 10,87

CONDITION: FOLLOWING FOUR HOUR SHAKE

D204 dv: 41008 TSRV BIL SERIAL I:f?EZOSf:EEf _______

RATIO FASS # HV RESISTANCE {OHMS) 4,832
POLARITY ) PASS + LYV RESISTANCE (OHMS) 6.01344

FULL WnVE [HFULSE -‘Féiﬁ__ + | 3QUARRED ® LOSS WaRTTS) RNV
APPLIED FOTENTIAL - HLIC ) Ff??—-- * STRAYS 1.8
APFLIED POTENTIAL - LHIC ] PGS?___ + LOAD LOSS (WATTS: MR
INDUCED POTENTIAL - 400 HI ] Fazs ) TOTAL LOSS (WATTS) 338,70

NL LOSS (ATTS) N _E?:E_ # ", RESISTANCE ) [P

W EICITING CURRENT ] 0.0qf?_ + 1 REACTANCE N

~ FFICIENCY # FF=| . ??:Z_ ¢ 1 [MPEDRNCE D

. EFFICIENCY ¢ FF=.,3 ) 98.?_ % KEGULATION @ PF=| 123

% AEBULATION # PF=.35 P
TEST ENSINEER:[--& £ “\-/“ e + CORRECTED 0 35 DEGFEES ©

BREGE V. 5
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COHGITIONY FOLLOWING FOUR FOOT DROF

STILE: 3.k,

Lo Il 4v:

POLARITY

“PRLIED POTENTIAL - HLIC

SPRLIED POTENTIAL - LHIC

INDUCED COTENTIAL - <00 HI

LS [T INE TURFENT

" EFFILIENCY @ PF=.8

# HY RESISTANCE iGHNS)
# [ RESISTANCE (OHMS:

1 OIUGRED BOLDSE iwalTs,

+ LOAD LDSS 14RTTS

.

TOTAL LI5S HATTSE

t  RESISTINCE

.....

+ % RERCTANCE

+ | IMFEDANCE

REBULATION & PF=]

Y REGULSTION 4 FF=.3
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APPENDIX A. 10

COLD LOAD PICKUP TEST REPORIS
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CONDITION:

(V5]

ST

—
taal

U
—

FOLLOWING COLD LOAD PICK UP

;;;;;

5.E. 25SkVA AMORFHOUS METAL POLE TYPE
A 4o Sk BIL
FATID PASS
POLARITY PAS3
Pl &RVE THPILEE Fa33
SFRLIED FOTENTIAL - HLIC Pass
AFPLIED POTENTIAL - LKIC FRSS
CNOULED SOTENTIRL - 400 Al FA3S
toLo5n WATTS) 15,5
EiL1TING CURFENT .18
LEFFICIENDY 2 PF= *3,7
U EFFICIENCY # PF=.3 8.3

v

HGINEER:Iﬁ
------- e imes.
SRESG 4 JUMES

TE3T NEFORT Rt
SERIAL 3iF LN Y

£ HY RESISTANCE (CHHS: 4,302

+ LV RESISTANCE (OHMS) U,91304

¢ [ JoURRED & LOS5 WATIS TR

*STRA(S {02

¢ LIAD L3355 (WATTSY o1

TOTAL LE3S dATT: T

» U MESISTANCE I

» L REACTANCE AR

+ . IMPEDMNCE 43

" REGULATION ® PF= 1.2

. SEGULATION # PF=.3 A

+ CORRECTED 7O 55 CEGREES °




APPENDIX ALLL

SATURAT LON/REGULAT LON/LFFLCIENCY TEST REPORTS
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TEMPERATURE TEST RECORD

WJISTINGHOUZE FORM 4837k DTD LAB PAGE NS O 0 7 3 3
7

:::::sioji:l_"\“ TEMPERATURE TEST ON _ ,;: KV A . TRANSFORMER STYLE ,)’(/Z[ / \//LCT‘ <

CONNECTED H V. U ' L . . CVOLTS L V [l /Aiu 0 VOLTS

LOAD H v,,,’A;;r e . - é oC _ AMPS. L.V 1,0 AMPS Z S

WATi» PER LB. HV.____ 7 ‘ ( _ LV C %Y MAGNETIZED _.. _ VOLTS. CYCLES CN v
-

GALLONS OIL_ . - .. . CIRCUIT TEST METHOD .'{-o?“fk“w“‘w _ NO OF RADIATORS - MO TUBES_.

REMARKS__ ___ U/ '/] Z /4( i / 7‘(j @tﬂd‘/ﬁd’w% ComAcl -

e _ _ . S o . SERIAL £ 2/70é/

r;u: e 7 TEMP. H.V. WINDING BY RESISTANCE TIME AFTER TEMP. LV WINDOING BY RESISTANCE

SHUTOOWN | ;MB. ‘ » ;:0;"’ RAT!O o | TEMP [CORRES-! AVE. ?rSHUTDOWN AMB. BRIDGE fuino TEMP coHREZ. 4

[ H f OHMS YION YO\ WIiND, - — OHMS TION TQ wi

MIN sec } TEMP. i READING. OR K . BY RES‘ SHDN [ Min SEC.‘ TEMP READING OR X 8Y RES SHON. e

kg T o3 z{ T BES T el
JuE T T e 538700 0677‘,65 2 00 e0/273°73574 07¢ 76

b i ! ! v

e /?zswfz - 4705 ;a'::z.:hu—m 77, maﬂ 417 ¢

RISE u/ud.«iu‘u.« o limse B wudu-. u,u.
TEMPERATURE READ|NGS f TEMPERATURE RISE |
wours' TiME | ToP  BTTM.. T ame | Tor | eTTM. T WATTMETER < -
. [ o o ' | o1 olL 1 oIl AND LOAD TEST AT «* '~ [}
! i | ; i : ! | . ' VOLTMETER 4 ax

gt ; : S — [ — K T AMPS c-cr

Y S S S S 'Zf’o’
J €73 W i Y el O
. €73 T ars 39 2—%:@ o rdd e L 22
2 wi ’ P51/ 38 7« Ao |

TV ey o 1

INTS M NG

TUSNHAN

2l —7}1-722{' Lo apget

: o i o
: | | ‘T—ﬁ ! i ! NO LOAD TEST
! i T " a
; | : [ | ! | L _ (T.W.) WATTMETER /273{24,
S I i B )
B : L ‘_ L S P . — : - (A.W.) von.‘rs&dg,xuups'_/‘j?;
i | ‘ \ :
. } _ S A7 7¢ VA
- A——.‘A _ l‘ - :; " s T T T L e ————
S { - : N \ , N TIME CONSTANT
; : ‘\ 63.3 X — . 'C OlL RISE - —
) ‘ S S -
I

' ‘ TIME CONSTANT _

% ~ -j[k‘/ ‘ . i ) — - HRS. ____ MIN

g g | =

‘ !
-,__.—___-—‘ Zr—: J» T 77—'} ‘
I BN </ o' . it : — S —
) N _Lﬁq& , w ! ; /4124[_ _v_‘%%w’;‘/___/é TYPE CONDUCTOR H.V o
, o

%&' L LpE L bYE g o0 [ PL TYPE CONDUCTOR LV.
r/f//aér . /Oim | L /2e | [2y) j /02 P ! !

| " TCALCULATED COMPROMISE é /J‘/

/w,l&ué( lf’gfﬁ_lf A:J;j/:f_ uf//y? | P JeF Y CURRENT ____ . _ 7

e e — .

{ OTHER REMARKS

Fhar Same o b s llo

= —}-- _ ‘\ 'H U e —————
. |
SRS SRS SN DU S (R .

i ’ “ ! e S } lack - l'dc‘ ‘A Lo
e e — e e —— —'% e SlRA vt

! ! I

S 1 ﬁ'—r A e
i e — e — A s e

s 1 ;! o i

TEST

n!QUESTEDJ7( 1?:3?503 !/ 7 d&( M"‘”‘-"

\
-”—;r* "z*'*r‘ L ' "“:**'r *‘%—‘"ﬁ** - T T e -




TEMPERATURE TEST RECORD

WISTINGHOUIE FORM 4837K

DTD LAB PAGE

Ne 00734

TRANSFORMER A)"[L/

25"

locTue

TRANSHFORMER sTyLe 170

TYPE: TEMPERATURE TEST ON
CONNECTED h V. V:/’ o - VOLTS L.V /J—"/l v VOLTS
4 e - .
Loap Hv._ =& A . ‘-3',00 AMPS L.V .—‘74'"7" /Q‘/ 2_) AMPS Lo CYcLE
o, -
Se 7 22 A
WATTS PER LB. A Vv..~ '~ LV o~ MAGNETIZED VOLTS CYCLES ON
)
GALLONS OiL_ _ CIRCUIT TEST METHOD g LOITARAL NO OF RADIATORS NO TUBES.
REMARKS.
o SERIAL * /01/ 706/
TIME arTER TEMP. H V. WINDING BY RESISTANCE TIME AFTER TEMP L.V WINDING BY RESISTANCE =
SHUTDOWN ! B ' CORREC-  AVE SHUTDOWN - 3 corRrREZ- | =
AMB BRIDGE ) RATID TEMP AMB BRIDGE RATIQ TEMP —~
| QHMS TION TO, WIND. - OHMS TICN TO ¥ -
TEMP, READING | OR X BY Rt9 TEMP READING oP K BY RES -
MIN SEC. SHON. TEMP MiN, SEC SHDN. 1 =
) ‘, . : - - - —_
2L 277 £5.5 LO/CE2
e T - . - - e . ' L
/oS W05 WK P31 4Ty 1 4S L0040 Y39 0,279
- L - "'"‘ -7 - - I -0 T - N — ;—
CALC. H.V. “‘C CALC. L.V - - - ¢ -
wwomc‘/(/)\-flz T jS" 355/’4} = /7i5 ~ WINDING l/y,?y y/'?'}q jdf//‘/)" /7- 3% -
RISE B Wl iu; Aar | RISE Drrr wtrdo g Aok =
a TEMPERATURE READINGS : fEMPERATSRE]@ISE - ___
HOURS TIME . YdP BTTM. i AMB TOoP BTTm. WATTMETER /
oL o oL ! o oL AND LOAD TEST AT C —
‘ VOLTMETER —
J e = e — = - e —- AMPS . _ -
4 ! Z
T c A - VOLTMETER _. . =
7’,@:11% 421 17% 173 409 Vg somian Tiricnd 7
~ 7} 7 ’73 ’( WATTMETER - . =
AN ” — L A"‘zn __',/A,:,,A,. (&L_ ) M /"(‘ :
. (A P27 A ?-,;aﬁgﬁww - .
- NO LOAD TESTYT
(T.W.) WATTMETER
_ g o R
B ~ (l/ﬂ: L‘?“L‘ . (A.W.) VOLTS __ X AMPS
’ fad !
e n e i T L _._ VA
?@,w/' 333 I i
= B
h‘{///u - é-:'; 7f . TIME CONSTANT
b ((J[//.L/lx ib'[ 63.3 x c oIL RISE _
‘ i TIME CONSTANT
o B S S . HRS MIN
N 1 \ _ P —_ - -
e R R et BT e e S ES
1 . | % ﬂL TYPE CONDUCTOR H v
_ B LTI E— [ S L
l ‘ ! : , i ﬂl_ _TYPE CONDUCTOR L.V.
— R - - 1, - - P - e —— o —— \Ji,,, —— —
ST - o - e e e "CALCULATED COMPROMI|SE
' . ; ; I
. . N T S - I CURRENT .33
v i ] l
{ I
; 1 : ; OTHER REMARKS
i - EaE ’ T L S S oo-
L o l _ %l B S J R S o _ o
I
D A A A S
T ‘ - v e - - T | T T T -
_ . - S - ‘,k s _ _
B o, - - - - ,T m e i _
- 0 - - ' - - b - - - -

TEST

B, iy s

TES

DATE \3/2 )7

TED




TEMPERATURE TEST RECORD

WISTINGHOLUJIE FORM 4887K

oro LaB PAGE N° (00735

TRANSFORMER P,E

25

A
 TRANSFORMER sTyLe Mv M i g S

TYPE: TEMPERATURE TEST ON  _ CKNVA
CONNECTED H.V Hrece e vours v fAe frde  youts
’, 14 ~u
LOAD H.V /5,“/“ o __ _,._____9_0» ames. v !5%  aups ’ . - CYCLEs
WATTS PER LB. H.V. __7 3 _ |_v_I-_3 1 3 - MAGNETIZED - VOLYS__ . ___ CYCLES ON. .. v
GALLONS OIL__.__ —__ CIRCUIT TEST METHOD { mt LT A NO. OF RADIATORS. . . ° no. Tuees_ Y _ _
REMARKS__ &/ AV Y - Hem o - [ . o
S —__ SERIAL # p‘z / 7 ‘ b/ _ _
nme artenl  TEMP. H.V. WINDING BY RESISTANCE [TIME AFTER, ATEA;P— L.V. WINDING BY RESISTANCE E
SHUTDOWN [CORREC.| ave. | SHUTOOWN| ~ T | lconrre.” a =
AMB. BRIDGEK l RATIO i “ TEMP. L ] AMB . BRIDGE . RATIO TEMP i -
TEMP. READING ’ or k| OHms {sy RES. ITlON Yo} wino. . TEMP.-  READING | oR K onus av mes. oM 'ro‘ w =
MIN. | SEC. SHDON. : TEMP. - MIN. SEC. - o ____swoN. i T =
75.5 - 377 ; ' 25,5 ojeer =
/ 23 L -253 """’U![é /.74.4/3‘; 375 10477 /7—7773‘” s
I l - : ! Z
CALC. H.V. . L4 73 . CALC. L.V - ‘_’__ ”(_ Ay ‘;
winoing /2643 - 1p6.9 = Ax¢ /zo f % b= ?!6 i winoine /43 € /ot y ’7 2 //72 16 958 e z
RISE DIFF WM‘LAJM 135¢9s hmss P s dinytoot /J‘ =
TEMPERATURE READINGS ! TEMPERATURE RISE T 5
nours| Time | Tor | BTN, i AMB. | TOP | BTTM. WATTMETER =
on | om ! o i o | ow : AND LOAD TEST AT . -C ~
‘ ! : VOLTMETER -
f * T : i ! ‘ | - AMPS =
‘L@Jj ; ]\ : ‘ : ; — ! | J TMETER =
> ‘ voL
Yk SR 107 789 M- /39 [ tpng it @vu.d- ‘ z
A L 2
(% l/07 27y '75’4"5 ¢~ o ‘n/u ad /)a[dl“’/ﬁ? WATTMETER ____ - =
[ i
2 Vo6 28378/ - Jakhet dmr| | o
| f | | NO LOAD TEST
! r T 1
, l ]! ; } ! ]I . (T.W.) WATTMETER _ __ . _____ .
i l | i ‘
f “ i — ; o (AW.) VOLTS ____ X AMPS __ _ _ _
, | Lo N
— T “
! I T —= —
1 . * ‘ : | TIME CONSTANT
! ! L oy rcmes ¥ Llpen DAt L. ! 63.3 X ____ °C OIL RISE = . ___
' ' v ‘.’6 é i Y s 7} /‘g@ MM/ TIME CONSTANT —
7'—1 — HRS. ____MIN.
FH eyl -

__c,«(f,/lz/f . JC3. % l /6 4 ‘ /60 7 ' ¢ TYPE CONDUCTOR M.V
3 tz/?iu fc. G i | Jo5” _ - Fof &d¢C TYPE CONDUCTOR L.V. o
‘ J jL ; | —_I ! : ]I ! L } CALCL::ILA':’:EDNTCOMPROMISiZ‘/_j’V-
| T RN R L R -
f | 3 ! OTHER n:u;;;
: _ _
_ |
| | ; __
| | | -‘ T T
] : P _
| L -
——— | T I

f"_ . ! N | f — — .

T N N I T
:':7_:;—:/::—A— it I T I o e ——-———~—7————7 T = T e e s S e = -
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By _ M ‘?EASTED‘?_/_B 5’ 7 - # ” / ans Lepec. ¢ O
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R
TEMPERATURE TEST RECORD

WASTINGHOUSE FORM 4887K DTD LAB PAGE NO 0 o 7 3 6
TRANSFORMER .
TYPE: ‘& TEMPERATURE TEST ON _ ﬁ_,__;lj _KV.A. . _ _ ___ __ __ TRANSFORMER STYLE C“""L \/‘-‘ (
CONNECTED Hf\:‘ Hieo e LVOLTS L.V . L'lb 1_1_"'_"_ VOLTS
3
LOAD H.v.__ esV =0 } Y ______z” AMPS. L.V._ I _W_J}L, . AMPS. éu _ CYCLE:
WATTS PER LB. H. v__cd'*g/ry LoApR— v MAGNETIZEO__________ .. _ _ VOLTS_ _ .. .._.. CYCLES ON  _ __ v
GALLONS Ol _ CIRGUIT TEST METHOD M,,‘.\FV"“-W __ NO. OF RADIATORS_ _0 . . NO. TUBES_I. . .
REMARKS. oLy Lr"u «(7‘-10\ " e e
- oD T ST oTDDoo o oo SERIAL * E‘LBQ 218 gl -
;mt ;F;t;' h TEMF H.V. WINDING Ev RESISTANCE ) *Tm? AFTER 7 TE“P L.v. WlNiolNG 8Y &;é;ANCE E
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TRBLE 4. 11,10 FERCENT ZFFICI
M
I

3
FOR AMORFROUS ME

C7 - MEASURED Y CALHLATED /LUt
PP

t TRANSFORMER rZ17081-714

M

" MEASURED VALUES ° CALCULATED FROM COMMEFTIAL
i{SEE NOTE) TEST KEPORT {APPENDIX AL 1D
FEEREEREERIRIRERERE HEEEREERREAERBERER R EH 14
LOAD £0SS % NO-LOAD LOSS % EFFICIENCY % EFFICIENCY % EFFICIENCY % EFFICIENCY
L LOAD {HATTS) IWATTS) PE = 1 PF = .8 Lab PF =1 FF = .8 LA6
30 69.3 18.4 39.45 99,36
1430 M4 18.0 38,79 98,18 98.7 8.1
i §05.90 1.7 95.35 95,13

TRBLE A.11.12 PERCENT EFFICIENCY - MEASURED & CALCULATED WALUES
FOR STANDARD SILICON STEEL TRANSFORMER F239214-:CH

" MEASURED JALUES *® CALCULATED FROM COMMEFCIAL

{SEE NOTE} TEST REPCRT (&PPENDIX A iD)
1222323322323 23222234 (221222 2222222 2222222322224
LGAD LDSS 7 NO-LOAD '0S5 % EFFICIENCY Y EFFICIENCY 7 EFFICIENCY ¥ EFFICIENCY
1 LOAD TWAL) (WHTTS) PF = | FF = .8 LAS PF = 1 PF = .8 LA
S0 102.0 68.5 99,32 99.15
1 452,83 87,3 87,954 37.47 38,00 87,50
154 1262,0 06.2 35.17 94.03

NOTE: % EFFICIENCY 15 CALCULATED PER ANSI £57.12.90G SEC 14.3.
* MEASURED VALLES * OF % EFFICIENCY ARE CALCULATED USING THE
rIREST THREE COLUMNS OF DATA. % LDAD AND LOAD LOSS YALUES ARE
FROM TEMPERATHRE RISE TESTS ¢SEE THIS APPENDIX). NO-LDAD LOSS
VALUES ARE FROM THE SATURATION CYRVES ISEE TABLES A.11.1 THRU
A.11.80.
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AEITINGHOUSE DTD COMMERCIAL TEST REFORT DATE:G3/20/80

CONDITION: FOLLOWING SATURATION CURVES

STYLE: B.E. 25kVA STANDARD SILICON STEEL POLE TYPE

R I B UHEE-UH TSk BIL SERIAL #IFITF214-700
RATIO MSS_- # HY RESISTANCE (OHMS) ) _f—:ff-
POLARITY PASS # LV RESISTANCE (OHRS) -().i)}‘fi
FulL WRVE IMPULSE "Pf‘x?i“ ¢ [ SOUARED R LOSS 1WATTS) —"11:“3-
AFFLIED POTENTIRL - HLIT PA3S + 5TRATS 131
AFPLIED POTENTIAL - LHIC ] PASS- # LDAD LOSS (WATTS) 4510
INDUCED POTENTIAL - 400 47 PASS TOTAL LOSS (WRTTSH 318,70
ML LTSS TWeTTS) 57 # % RESISTANCE 1.80
T OEACITING CURRENT 0,52 + 1 REACTANCE L3
% EFFICIENCY 4 PF=! B 93.19 + % [MPEDANCE h
% EFFICIENCY @ FF=.3 ) _9:/'_5 L REGULATION B FF=) 1,31
. REGULATION @ PF=.§ SR

P

73]

}/ + COFECTED TO 85 DEGREES (
BRESG {\m
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Appendix C

PHOTOCRAPHS OF AMORPHOUS METAT,-CORFE TRANSFORMER TESTING




Vignre C-1.  25-kVA amorphous metal-core transiormer wiodings and core.
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Figure (-3,  25-kVA amorphous metal-core transformers undergoing
commercial tests at transformer plant.

Fignmye (1-4 20 -EVA amophons metal-core transformers nndergoing
design @ osts At toansfmmer plant.
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Fignre C-5. Infrared scanning test of 25-kVA amorphous mectal-core
transformer (left) and a 25-kVA silicon-steel transformer
(right).

Pigure -6, General Electric engineers inspecting the bottom frame
and containment box of a 25-kVA amorphons metal-core
transformer for amorphons metal particles.




Figure C-7. Several amorphous metal particles found on the core of a
25-kVA amorphous metal-core transformer.

Fignie -8 Amorphous metal chip on the core of a 25-kVA amorphous
metal-core transformer discovered during Phase 1 tosting.




Figure C-9. Several amorphous metal particles found in the bottom
frame of a 25-kVA amorphous metal-core transformer during
Phase T testing.

Figure €-10.  An aworphous metal particle found in the hottom frame of
a 25-kVA amorphous metal-core transformer.
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Figure C-11. A 25-kVA amorphous metal-
core transformer undergoing a 4-foot
drop "est.

Filenree C=12. A 25-kVA amorphous metal-

core transtormer after a d={oot
drop Lest.




Appendix D

REVTSLED PHASE T SATURATION TEST DATA
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TABLE A.1.11.5
DI

FOF TOF

FlLUX
VOLTS
340, f.:,:u EE}(:}
HO L D00
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110,000

120,000

11§

STANDARD SILICON STEEL TRANSFORMER F
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RIRIRANIE
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1O
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LT

o
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VOLTS CURRENT
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O, 407
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A A

NO-LOAD LOSE SATURATION
TEMRERA TRE

T

DATA

= -
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EXCITING
CURRENT
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i

P
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SHMORFH SILICON ST 7 AMORFH SILICON AM/el

EalITh EZCITH EXCITR MO-L0&0 MO-LJa0 MO-L.OaD RATELD

CURRENT CURRENT CLURRENT LOSS L.O5S LO5S FLU=

1R30%LOAD L1SO%LDAD 150%LOAD  WATTS WATTS WATTS VOLTS
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Appendix FE

GENERAL ELECTRIC COMPANY TEST REPORT NO. 88-AMT-001

Amorphous Metal Distribution Transformer 3-Foot Drop Test

(Printed by permission of General Electric
Company, July 1989, distribution unlimited)




&

GE Transformer
Business

February 10, 1988

Mr. Guy V. Urata

Naval Civil Engineering Lab
Code L72

Port Hueneme, CA 93043-5003

Subject: Amorphous Metal Distribution Transformer,
3-Ft. Drop Test Report 83-AMT-00]

Dear Mr. Urata:

Per My  Westhaus' request, I've nrepared the subject test report
88-AMT-001. which documents the 3~ft. drop test on three GE Amorphous Metai
Cored Distribution Trarsformers. This test was performed at the 4E
Distribution Transformer Plant, Hickory, N. C. on April 22, 1987. Mr. John
Franchi, of NCEL witnessed all test operations, as well as post drop test
examination of the interior assemblies. In addition, Mr. Robert Wright of
NCEL took both still photos and video tapes of these operations.

We are very pleased on the outcome of this 3-ft. drop test. It
verified once and for all the structural integrity of GE's amorphous metal
cored distribution transformers. Please call me if you have any guestions.

Sincerely yours, /~~
TR \a/
A%bert C. Lee

Senior Deveiopment Engineer

1/021088-1
D.5.: Computer tabulation of initial factory test results on the three
ftransformers is also attached.

cc: Randy Westhaus
Advance Technology, Inc.
721 Daiiy Orive, Suite 220

o~

Camar 11io. CA S3013

John Franchi
Naval Civil Engineering Lab
Code L7Z

Port Hueneme, CA 93043-5003

R. M, Carr-GE Corpany
93¢0 Flair Drive
£ Monte., CA 91731
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GENERAL D ELECTRIC

DISTRIBUTION TRANSFORMER BUSINESS DEPARTMENT

I

Test Record

Subject Amorphous Metal Cored Report Number
Distribution Transformers 88-AMT-001
Tive Static Drop Test, 25 kVA Date 2/8/88

Object To confirm the structural integrity of amorphous metal cores usea in
distribution transformers by dropping them vertically from a height of three ft.
onto a concrete pavement. This DROP TEST is considered as a DESTRUCTIVE TEST.

Test Equipment Pole-type distribution transformers(g?r GE TS360%§90A25LAO with
vo]tage,iatings of 71€0/7200v-120/240. S/N P217061°"7, P265882 and

p265885' <’ A1l three transformers completed a trucking round trip L :tween
Hickory, N. C. and Naval Civil Engineering Lab (NCEL) in Port Hueneme, CA (A
total shipping distance of ~ 5000 miles). Notes: 1) core has no encapsulant at
joint area; 2) core has encapsulant at joint area.

Test Method DROP TEST was conducted at Hickory, N. C. on April 22, 1987. It
consists of 1ifting the transformer to a three foot height and hanging in air by
means of a steel wire. The wire was then cut and allowed the transformer to
drop squarely c..'> the concrete pavement. See photos 1 & 2.
After completion of the 5000-mile shipping distance and after the
DRGP TEST, each transformer was untanked, and the interior assembly was examined
for any sign- of damage and any presence of amorphous metal particles and chips.
Each transformer was given a commercial electrical test in the factory
before and after the DROP TEST. Tests were also performed in the Dev. Lab.

Resulis S/N P217061 S/N P265882 S/N P265885
1.Elect.* Factry Test Lab Test Factry Test Lab Test Factry Test Lab Test
Watts Amps Watts Amps Watts Amps Watts Amps Watts Amps Watts Amps

Before: 8.7 .29 18.2 .37 13.0 .25 14.5 27 14.3 .27 14.5 B

After: 17.6 .29 18.1 .41 13.9 .26 14.2 .28 13.6 .24 141 .32
Change% -5.6 -0- +0.55 +11.1 +6.9 +4.0 -2.1 +3.0 -4.9 +11.1 -2.8 -5.3
2.Mech **
a. Tank bottom "bulged" Tank bottom "bulged" Tank bottom "bulged"
b. Top clamp bent Top clamp bent Top clamp bent
c. - H1 HVY bushing broken ---
3.AM Metal - Particles & Chips
a. None in cil None in oil None in oil
b. 7 small chips inside 4 small chips inside 1 small chip inside
bottom chip contain- bottom chip contain- bottom chip contain-
ment box. ment box. ment box

* (See computer printouts) ** (See Photos 3,4 & 5)

Cunclusions (1) Amorphous metal core, with & w/0 encapsulant over the cut joint
area, remains structurally sound after a 3-ft. drop; (2) Electrical performance
remains essentially unchanged after a 3-ft. destructive DROP TEST; (3) The
effectiveness of chip containment box was demonstrated; and (4) in spite of tank
deformation and clamp damage, all 3 transformers remain functionally good
{excect broken HV bushing must be replaced).
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A.

88-AMT-001
Page 4 of 6

After 5000-mile Shipping Distance & Before 3-Ft. Drop Test
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88-AMT-001
Page 5 of 6

A. After 5000-Mile Shipping Distance & Before 3-F¢t. Drop Test
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88-AMT-001
Page 6 of 6

A. After 5000-Mile Shipping Distance & Before 3-Ft. Drop Test

SER.NO. F26538S-YRE T.3.NO. 3601AR0CA23LA0OL Kva 25 RATING

REID QUAL DATE 21-AFR-37 TIME 12331321
FLUXV KRMSY ANMFS WATTS
EXCITATION 241.90 244.9 0,27 14,2 RETID =
INDUCE 480.1 0,88 22,5
IMPEDRANCE 5.71 103,489 284,y TEMF =
TOTAL WATTS & B5C 1246, % ZOAME =
LY HIFDT KV 10.0
HY HIFQT KV 25.¢%
IMPULSE KV H1 = 92,7 £3 = Qe A1 = Q. 1 FARR =
CR RIGHT AMFS = 0.0 MAIN = 0,6 TEMF = 0.0 LIGHT =
FAILURE MODE FASSED UNIT

B. After 3-Ft. Orop Test

SER.NO, F2638BZ-VRR T.S.NO., 3&601ADCGA2SLAOL KvAa 2% RATING

GREEN QUAL DATE 22-AFR-87— TIME 15:31:20
FLUXV RMSV AMFS WaTTS
EXCITATION 240.46 243.3 0.24 13.6 RATIO =
INDUCE 480.2 0.85 19.7
IMFEDRANCE S5:71 124,00 DO, Q ToME =
TOTAL WATTS @ 83C 326.5 i OIME o=
LYV HIPOT KV 10.0
HY HIFOT KV 235.9

IMPULSE KY H1 = ©92.8 £3 = 0.0 X1l = 0.0 H1 FAR

CR RIGHT AMPS = 0,0 HMAIN = 0,0 TEMP = G _IGHT

[0

FAILURE HOLE FASSED UNIT
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DISTRIBUTION LIST

AF 1004 SSG'DE. Omizuka AFB. CA: 18 CESS DEEEM. Kadena. JAL 6550 ABG DER. Patrice AFL. FLL 920
CES DCME, Fairchild AFB, WA: AFTTDET (Hudson), Wnght-Patterson AFB. OH: AFIT DETL
Wright-Patterson AFB. OH: CES'DEMC (Neal). Sheppard AFB. TX: MO ANG, 23] CEF DED
(Schmedake), Bridgeton. MO

AF HQ ESD'AVMS, Hanscom AFR. MA: ESD DEE. Hanswcom AFB. MA

AFB 42 CES'DEMU (Drechsel). Loring AFB. ME: 82nd ABG DEMCA. Withams AFB. AZ. HO MACDLEE,
Scott AFB, IL: HQ TAC'DEMM (Pollard). Langley AFDL. VAL SAMSO DEC (Sauer). Vandenberg AFB.
CA

AFESC DEB. Tyndall AFB. FLL: DEMM Tus, Tyndall AFB. FL: HO. RDVA & BDVCOW. Tundall AFB, FL.:
TIC (hibrary), Tyndall AFB, Fl

AFSC DEEQ (P. Montova), Peterson AFB. €O

ARMY 416th ENCOM. Akron Survey Tm. Akron. OH: CECOM R&D Tech [ib, Ft Monmouth, NJ.
CEHSC-FU-N (Krajewski). Ft Belvoir, VA Ch of Engrs. DAEN-CWE-M. Waskington, DCo Ch ol Engrs.
DAEN-MPU, Washington, DC: FESA-EM (Karney). Ft Belvoir. VAL HO Europe Cmd. AFAEN-FE-U.
Heidelberg, GE: HHC. Tth ATC (Ross). Grafenwohr. GE: HO. FEAK. EAFE-E-UL. Yongsun, Korca.
HODA (DAEN-ZCM). Washington, DC: Kwajalein Atoll. BMDSC-RKL-C. Marshall Is: POJED-O),
Okinawa. Japan: R&D Cmd. STRNC-WSA (Kwoh Hu). Natick. MA

ARMY BELVOIR R&D CEN STRBE-AALO. Ft Belvoir, VA STRBE-BLORE. Ft Belvoir, VA

ARMY CERL CERL-ES (DL Johnson). Champaign. 1L: CERL-ESD (D Chu). Champaign. 1L Encrgy Sss Div,
Champaign. L. Library, Champaign. [L: CERL-EN. Champaign, IL

ARMY CORPS OF ENGRS A. Azares, Sacramento, CA

ARMY CRREL A. Iskandar, Hanover. NH: CRREL-EA, Hanover. NH

ARMY DEPOT Letterkenny, SDSLE-EF. Chambersburg. PA: Letterkenny. SDSLE-SF. Chambersburg. PA:
SDSNC-T-MOD-E. New Cumberland. PA

ARMY EHA Dir, Env Qual. Aberdeen Proving Grnd. MD: HSE-RP-HG. Arberdeen Proving Grnd. MD:
HSHB-EA-S. Abcrdeen Proving Grnd, MD: HSHB-EW. Aberdeen Proving Grnd. MD: HSHB-ME-AL
Aberdeen Proving Grnd, MD

ARMY ENGR DIST LMVCO-A'Bentiey. Vicksburg, MS: Library, Portland. OR: Library. Seattle. WA
SAMEN-DS/Davis. Mobile. AL

ARMY ENGR DIV ED-SY (Lovd). Huntsvilic. Al: HNDED-SY. Huntsville, AL New England, NEDED-D.
Waltham. MA

ARMY EWES GP-EC (Webster). Viesburg, MS: Library, Vicksburg MS: WESGP-E. Vicksburg, MS

ARMY LMC Fort Lee. VA

ARMY MISSILE R&D CMD Ch. Docs. Sci Info Ctr, Arsenal. AL

ARMY MMRC DRXMR-SM (Lenoe). Watertown, MA

ARMY TRADOC ATEN-FE. Ft Monroc, VA

ADMINSUPU w0, Bahrain

BUREAU OF RECLAMATION D-1512 (GS DePuy). Denver, CO

CBC Code 10, Davisville. RID Code 15, Port Hueneme, CA: Code 155, Port Hueneme. CAL Code 430,
Gulfport, MS: Code 4702, Gulfport. MS: PWO (Code 400), Gulfport, MS: PWO (Code 83), Part Hueneme.
CA: PWO. Davisville, RI; Tech Librarv. Gulfport, MS

CBU 405, OIC, San Dicgo. CA: 411, OIC, Nortolk. VA

CG FOURTH MARDIV Base Ops, New Orleans, LA

CHINFO OI-50D (Cronk), Washington. DC

CINCLANTFLT CE Supp Plans Offr, Norfolk. VA

CINCUSNAVEUR lLondon, UK

CNA Tech Library. Alexandria, VA

CNO DCONO, Logs. OP-4352. Washington, DC

COMFLEACT PWO. Kadena, Japan: PWQ. Sasebo. Japan: SCE, Yokosuka. Jupan

COMNAVACT PWO. London, UK

COMNAVAIRSYSCOM AIR-714. Washington, D70 Code 422, Washingten, 1C

COMNAVLOGPAC Code 4318, Pearl Harbor, HI

COMNAVMARIANAS Code N4. Guam

COMNAVRESFOR Code 08, New Orleans, LA Code X23, New Orleans, LA

COMNAVSUPPFORANTARCTICA DET. PWO. Christchurch. NZ

COMOCEANSYS Pac. SCE. Pearl Harbor, HI

COMSURDEVGRU ONE Ops Offr, San Dicgo. CA

COMSUBPAC SCE. Pearl Harbor. HI

DIRSSP Tech Lib, Washington, DC

DOE INFL Tech Lib Reports Sta Tdaho Falls, 1D

DTRCTN Code 2821 Annapohs. MD. Code 2840 Annapohs, MD. Code 41T Bethesdas MDD Code 42,
Bethesda MD: Code 42101, Bethesda, MDY Code 3220 Aanapohs, MDD Code 41200 Annapohis, MD




EPA Reg I Lib, Philadelphia, PA; Reg VI Lib, Denver, CO

ESSM Whse 12 (Bowmuan)., Wilhamsburg, VA

FCTC LANT, PWO, Virgima Beho VA

GIDEP OIC. Corona. CA

GSA Ch Engrg Br. POB. Washineton, DC: Code PCDP. Washington, DC

LIBRARY OF CONGRESS Sci & Tech Dive Washington, DC

MAG 16, CO. MCAS Tustin, CA

MARCORBASE Code 4.01, Camp Pendleton, CAL Code 4050 Camp Tegeune. NCL Code 300, Camp Lejeune,
NC: Maint Offr, Camp Pendicton. CAD PAC, PWO. Camp Batler, TAD PWO, Camp Lejeane, NCO PWO,
Camp Pendleton. CAL Pac. FEU Camp Butler, JA

MARCORDIST 12, Code 4. San Francisco CA

MARCORPS FIRST FSSG. Engr Supp Offr. Camp Pendieton. CA

MARINE CORPS HQ LFL. Washington, DC

MCLB Code 5550 Albany, GA

MOAS Code AL, Yuma., AZ: Code 6EDD. Inakum, Japan: Code LCUD Cherry Point, NC PWO, Kaneohe
Bay., HI: PWO. Yumua, AZ

MCLB Mamnt Offr. Barstow, CA: PWC (Sachun}. Barstow. CA: PWO, Buarstow, CA

MCRD PWO. San Dicgo, CA

MCORDAC M & 1. Div Quantico. VA NSAP Rep. Quuantico, VAL AROICC, Quantico, VA

NAF AROICC, Midway Wland. Dir, Eogrg Divy PWD O Atsugr, Tapan: PWO At Tapan: See Otfr. B
Centro, CA

NALF OIC, San Dicgo. CA

NAS Chase Fld. Code 18300, Beeville, TX, Chase Fld, PWO, Beeville, TX; Code 072F . Willow Grove, PAL
Code 110, Adak, AK: Code 15, Alameda, CA: Code 1630 Keflavik, Teeland: Code 183 Tacksonville, FI1 .
Code 1833, Corpus Christi, X0 Code 187, Jacksonville. FLo Code 18700, Brunswick, ME: Code 504, Syn
Dicgo. CAL Code 6234 (C Arnold), Point Mugu., CA7 Code 700 Marictta, GA: Code 70, South Wevmouth,
MA: Code 8. Patuxeps River MDY Code 830 Tawacut River, Mo vempms, Dire Engrg Div. Millington.
IN: Memphis, PWO. Millington, TN Miramar. Code IBZIAL San Dicgo, CAL Mitamar, PWO, San Diego.
CAL NI Code 1830 San Dicgo. CA: Fae Mgmt Offe. Alameda. CAD OLE-1. Alameda, CA:L Oceana. PWO,
Virginia Beh, VAC P&E Supr. Adak. AK: PW Engrg (Branson), Patuxent River, MDD PWD (Graham).
Lemoore, CA: PWD Maint Div, New Orleans, LA PWO (Code 182) Bermudia: PWO. Bermuda: PWQO),
Ceatl Field. FL: PWOL Dallas, TX: PWOL Glenview, TL: PWO. Ketlavik, lecland: PWO, Kev West, FL:
PWO. Kingsville I'X: PWOL Moffett Field, CA: PWOL New Orleans. LAT PWO. Sigonella. Tralv: PWOL
South Wevmouth, MAT PWOL. Willow Grove. PA; SCE. Barbers Point. HIE: SCEL Cubi Point. RP: SCE.
Norfolk. VAL Weapons Offr. Alameda. CAL Whidbey Tso PW-20 Oak Harbor. WAL Whiting Fid, PWO.
Milton, FIL

NAVAIRDEVCEN Code 8320 Warnumster. PAL Code 83230 Warminster, PA

NAVAIRENGCEN Code 182, Lakchurst, NJo Code 18232 (Collier), Lakehurst. NI PWO. Lukehurst, NJ

NAVAIRPROPCEN CO. Trenton, NJ: Code PW-3. Trenton, NI

NAVAIRTESTCEN PWO. Patuxent River, MD

NAVAVIONICCEN Code D.701, Indianapolis, IN: PWO, Indianapolis, IN

NAVAVNDEPOT Code 011, Norfolk, VA Code 61000, Cherry Point, NCo Code 611, Jacksonville, F1. Code
640, Pensacola. FL: Code 61630, San Dicgo. CA: SCE. Norfolk, VA

NAVCOAMS SCE. Wahiawa, HI: PWO, Nortolk. VAL MED. SCE. Naples, Tty WestPac, SCEL Guam.
Munana Islands

NAVCOASTSYSCEN €O, Panama Citv, FL; Code 23600 Panama City. FL: Code 423, Panama Cuy, FLo PWO
(Code 740y Panam: Crty, FL Teeh Dibrary, Panama Citv, FIL

NAVCOMMSTA CO. San Miguel, R.P 2 Code 4010 Nea Makri, Greeee: PWOL Exmouth, Australia, PWO,
Fhurso, UK

NAVCONSTRACEN Code B-1. Port Huceneme., CAL Code D2AL Port Hueneme. CAL Code T120 Gultport, MS

NAVELEXCEN DET, OIC, Winter Harbor, ME

FAVENVIRHETHCEN Code 440 Norfulk, VA

NAVEODTECHCEN Tech Library, Indian Head, MD

NAVFAC Centerville Beh, PWOL Ferndale, CAL PWO (Code 30), Brawdy Wales, UK. PWO., Oak Harbor, WA

NAVFACENGCOM Code 000 Alexandnia, VAL Code 030 Alexandria. VAL Code 03R (Bersson). Alexandna,
VAL Code 03T (Essoglouy. Alexandna. VAL Code t4A L Adexandna, VAL Code 04T Alexandoa, VAL
Code 04A3, Alexandna, VAL Code 4A3C, Alexandria, VAL Code O4ASE Alexandria, VAL Code 0483,
Alexandria, VAL Code 05TAL Alexandna, VAL Code 0631 Alexindria. VAL Code 083, Alevandria, VA
Code 09MI124 (Eab). Alexandria, VAL Code 1630 Alexandra, VAL Code 13 Alexandna, VAL Code 1653
(Hanneman), Alexandrna, VAL Code IR0 Alexandra, VA

NAVFACENGCOM - CHES DIV Code 04, Washington, DC: FPO-1PL. Washington, DC

NAVFACENGCOM - TANT DIV Br Ofc. Dhiro Naples, Talv, Code 111 Nortolk, VAL Cade 1112, Nortolk,
VAL Code 403 Norfalk, VAL Code 4050 Nortolk, VAL Libian. Nortolk. VA

NAVFACENGCOM - NORTH DIV €O, Philadelphia, PAL Code 040 Philadelphia, PAL Code 04AT
Philadelphia, PAL Code 11 Philadelphia. PAL Code 1T Philadelphia. PAD Code 114 (Rhoads),
Philadetphia. PAL Code 20220 Philadelphia. PAL Code JURAF, Philadelphhia. PAL Code JUSAE.
Philudetphia, PA




NAVFACENGCOM - PAC DIV, Code 9P, Pearl Harbor, HED Code 2001, Pearl Flarbor . HIEL Library - Pearl
Harbor. HI

NAVFACENGCOM - SOUTH DIV, Code 04A3, Charleston, SC; Code T021F, Charleston, SC. Code 1112,
Charleston, SCu Code 403 (Gaddyy, Charleston, SCL Code 405, Charleston. SC: Code 06, Charleston, SO,
Library, Charleston, SC

NAVFACENGCOM - WEST DIV, 09P 20, San Bruno. €A; Code 04A2 2 (L, San Bruno, CAL Code 4B, Sun
Bruno. CA: Code 09B . San Bruno. CAL Code 102, San Bruno, CAL Cade 2030000 San Bruno, CAL Code 405
San Bruno, CA; Code 4082 (Jeung) San Bruno, CAL Pac NW Br Otte, Code C 420 Silverdale. WAL Pac
NW Br Offc. Code €500 Silverdale, WA

NAVFACENGCOM CONTRACTS Code 460, Portsmouth, VAL Code 9230 Peerett, WAL DROICC, 1 emoore,
CAL DROICC, Rota, Spam: BEarle, ROICC, Cohs Neck, NJD North Bay, Code 1042 AN Vallejo, CAL
O1CC, Guam: OICC ROICC, Nortolk, VA, OFCC ROICC, Virginie Beach, VAL ROTCC (Code 405y,
Portsmouth. VA ROICC, Corpus Christr, TXD ROICC, Crane. IND ROICC, Pomt Muga., CAL AROICC,
Quantico. VAL ROICC, Twentynine Palms. CADSW Pac OICC Mamla. RP. Trdent, OICC, St Manvs, GA L
OICC NW. Code TTHINW. Silverdae, WA

NAVFUEL DET OIC, Yokohama, Japan

NAVHOSP SCE. Newport, RI: CO. Millington, IND Hd, Fae Mgmit. Camp Pendlcton. CAL L Buarton,
Yokosuka, Japan: SCE. Guam, Manana Islands: PWO | Okinawa, Japan: SCT (Knapowshi), Great Lakes,
IL. SCE. Pensacola, FL; SCEL Yotosuka, Jepun

NAVMAG SCE. Guam. Marana Islands; SCE. Subic Bav, RP

NAVMEDCOM NWREG. Fue Engr. PWD, Oaklanc. CAD NWREG, Head! Fae Mgt Dept. Oakland, CA;
PACREG. Code 22, Barbers Point. HI SCEL Facksonville. FLD SWREG, Code 35 San Dicgo, CA:
SWREG. SCE, Sun Dicgo. CA

NAVMEDRSCHINSTITUTE Code 47, Bethesda, MD

NAVOCEANCOMCEN Code EES, Guam, Manana Islinds

NAVOCEANSYSCEN Code 324 7 ~cony San Drego, CAL Code 81 San Diego. CAL Code 940 San Dicgo, CA

NAVORDSTA Code 0922B1. Indian Head. MD: PWO. Louissille, KY

NAVPGSCOL Code 14240 Library, Monterev. CAD PWO. Monterev. CA

NAVPHIBASE PWO. Norfotk. VA~ SCE Sun Dicgo., CA

NAVRESCEN Dir, Fam Hsng, Sioux City, TA

NAVSCOLCECOFF Code C35, Port Hueneme., CA

NAVSCSCOL PWO. Athens, GA

NAVSEACENPAC Code 320 San Dicgo, CA

NAVSEASYSCOM Code 0SM3, Washington, DC: Code 5674 (Moschopoulost. Washugton, DCL Code
PMS2961.22 (J Rekas). Washington, DO

NAVSECGRU Code (43, Washington, DC

NAVSECGRUACT PWO (Code 40), Edzell, Scotland; PWO . Adek. AK. PWO, Sabana Seca. PR

NAVSECSTA Code 60, Washigton, DO Code N70, Washington, DC

NAVSHIPREPFAC SCEL Subic Bay. RP. SCE, Yokosuka, Japan

NAVSHIPYD CO. Peart Harbor. HI: Carr Inlet Acoustic Range. Bremerton, WAL Code 2024, Long Beach.
CA: Code 2025 (Library), Bremerton, WAL Code 30805 Pearl Harbor, 1L Code 2083, Peart Harbor, 1
Code 382.3. Pearl Harbor, HE: Code 4200 Long Beach, CAL Code 440, Portsmouth. NH: Code 443,
Bremerton, WAL Code 903, Long Beach, CA: Library, Portsmouth, NH: Mare Isand, Code 202 13 Vilteso
CA:L Mare Nand. Code 301, Vallejo, CA: Mare Island, Code 421, Vallejo, CAL Mare Kind, Code 433,
Villejo, CA: Mare Island, Code 457, Vallejo, CA; Mare Istand. PWO. Vallejo, CA Nortolh, Code 380,
Portsmouth. VAL Naortolk, Cade 411, Portsmouth, VAL Norfolk, Code 440, Portsmouth. VA Nortolk,
Code 450-HD. Portsmouth. VA Norfolk, Code 453-HD, Portsmouth. VAT PWO (Code 40), 1 ony Beach,
CAL PWO, Bremerton, WAL PWO, Charleston. SC: SCE (Code 3R 2), Pear) Harbor HI

NAVSTA TO, Brooklvn, NY: CO. Long Beach, CA: COL Roosevelt Roads, PR: Code DAL, San Diego, CA,L
Code 1216, Mavport, FL: Code 4230 FPBO Guantaname Bav: Code 4230 Norfolk, VAL Code N4214.
Mavport, FL: Dir. Engr Dive PWD. Guantanamo Bas. Cuba: Engrg Dire PWD. Rota, Spam: PWO,
Mavport, FL: SCEL San Dicge. CAL SCEL Subte Bave RP: Treasure Is, See Offt. San Franoiseo, CAL Ut
Engrg Offr. Rota, Spain: W 930 Geantanamo Bay, Cuby

NAVSUPPACT CO. Naples, Ttalv: PWO Naples, {taly

NAVSUPPFAC Contract Admin Tech Library, Dicge Garcia

NAVSWC Code 21 (Miller). Dahlgren. VAL Code G-3M0 Dahlgren, VAL Code W42 (GD Haga), Dablgren,
VAL DET, White Oak Lab. PWQO. Silver Spring. MDD PWO. Dahlgren. VA

NAVITECHTRACEN SCE. Pensacola Fl

NAVUSEFAWARENGSTA Code 073 Kevport, WA

NAVWARCOL Code 24, Newport, Rl

NAVWPNCEN AROICC. China Lake, CAL Code 240 China Lake, CAL Code 26340 China Lake, CAL Code
26037, China Lake, CAD PWO (Code 266). Chima Lake, CA

NAVWPEPNSTA Code 0920 Concord CAL Code 0920 Seal Beach, CAL Code D92A L Seal Beach, CAL Code 093
Yorktown, VAL Dir. Maint Control. PWD. Concord. CA, Farle. Code 0920 Colts Neck, NJ: Farle, Code
(22 Colts Necks NI Farte, PWO (Code 09B). Colts Neck. NI PWO | Charleston, SC: PWOL Seal Beach,
CAL PWOL Yorktown, VA

NAVWPNSUPPCEN Code 0931 Crane. IND PWO . Crane, IN




NETC Code 42, Newport. Rl Code 46, Newport. RI: PWO, Newport, R1

NCR 20. CO: 20, Code R70

NEESA Code 111E (McClaine). Port Hueneme., CA: Code 113M, Port Hueneme. CA: Code 113M2. Port
Hueneme. CA

NETPMSA Tech Library, Pensacola. FL

NMCB 3. Ops Offr; 40, CO: 5. Ops Dept; 62, Engrg Oftr

NOAA Dir, Pac Marine Cen, Scattle. WA Library. Rockville. MD

NORDA Code 410, Bay St. Louis. MS§

NRL Code 2511, Washington, DC; Code 2530.1. Washington, DC: Code 4670 (B. Faraday). Washington, DC:
Code 6123 (Dr Brady). Washington, DC

NSC Cheatham Anncx, PWO, Williamsburg, VA; Code 02, Pearl Harbor, HI. Code 43, OQakland. CA; Code
H. Oukland, CA; Code 5410 Norfolk, VAL Code 700, Norfolk., VA, SCL. Charleston. S¢: SCE, Norfolk,
VA

NSD SCE. Subic Bay. RP

NUSC DET Code 44 (RS Munn). New London, CT: Code 3202 (S Schady)., New London, C1

OCNR Code 1TH4SE. Arlington. VA: Code 1234, Arhngton. VA

OFFICE OF SECRETARY OF DEFENSE OASD (P&L), M. Carr, Washington, DC. OASD, (P&IE (Wm H.
Parker), Washington. DC: ODDR&E. Environ & Life Sci. Washington, DC

PACMISRANFAC HI Arca. PWO. Kcekaha, HI

PHIBCB 1, CO. San Dicgo. CAL 1. P&E, San Dicge. CA: 2, CO. Norfolk. VA

PWC ACE (Code 110), Great Lakes. 1L ACE Office. Norfolk, VA Code 10, Great Lakes, 1. Code 10,
Oakland, CA: Code 40, Guam. Maruna Islands: Code 101 (Librarv) Oakland, CA; Code 101, Great
Lakes, IL: Code 1011, Pearl Harbor, HI: Code 1013, Oukiand, CA; Code 102, Oakland. CA: Code 110,
Oakfand, CA: Code 123-C. San Diego. CA: Code 30, Norfolk. VA; Code 30V, Norfolk. VA: Code 3N,
Great Lakes, IL; Code 400. Oakland. CA: Code 400. Pearl Harbor. HI: Code 400, San Diego. CA: Code
412, San Diego, CA: Code 4200 Great Lakes, IL: Code 420, Oakland. CA: Code 420B (Vvaid). Subic Bav.
RP: Code 421 (Reynolds). San Dicgo, CA: Code 422, San Diego, CA: Code 423, San Dicgo. CA: Code
423 KJF. Norfolk., VA: Code 424, Norfolk. VA

PWC Code 430 (Kyi). Pearl Harbor, Hi

PWC Code 500, Great Lakes, IL: Code 500, Norfolk. VA: Code 500, Oakland, CA: Code SOSA. Qukland. CA:
Code 590, San Dicgo. CA: Code 600, Great Lakes. IL: Code 610, San Dicgo. CA: Code 612, Pearl Harbor.
HI: Code 614, San Dicgo. CA: Code 615, Guam. Mariana Islands; Code 616, Subic Bay. RP; Code 700, San
Dicgo. CA: Library (Code 134), Peart Harbor. HI: Library. Guam. Mariana Islands: Library, Norfolk, VA,
Librarv. Pencacols, FL: Library. Yokosuka. Japan: ‘tech Library. Subic Bay. RP: Util Dept (R i'ascua).
Pearl Harbor, HI

SPCC PWO (Code 08X). Mechanicsburg, PA

SUBASE Bangor. PWO (Code 8323). Bremerton, WA SCE. Pearl Harbor. HI

SUPSHIP Tech Library. Newport News, VA

UCT ONE. €O, Norfolk. VA: TWO. CO. Port Hueneme, CA

US DEPT OF INTERIOR BLM, Engrg Div (730), Washington. DC

USAF RGNHOSP SGPB. Fairchild AFB, WA: SGPM. Fairchild AFB. WA

USArE DE-HFO. Ramstein AB, GE

USCINCPAC Code J44, Camp HM Smith, 1

USDA For Sve. Equip Dev Cen. San Dimas, CA: For Sve, Tech Engrs. Washington., DC

USNA Ch. Mcch Engrg Dept, Annzpolis, MD: Mech Engr Dept (C Wu). Annapolis. MD. Mech Engrg Dept
(Power). Annapolis. MD: PWO, Annapolis. MD: Sys Engrg (Tuitle). Annaponis. MDD

USS USS FULTON, Code W-3

ARIZONA STATE UNIVERSITY Energy Prog Offc. Phoenix, AZ

BROOKHAVEN NATL LAB M. Steinberg. Upton, NY

CALIF MARITIME ACADEMY Library, Vallejo, CA

CALIFORNIA INSTITUTE OF TECHNOLOGY Environ Enprg Lib, Pasadena, CA

CITY OF AUSTIN Gen Sves Dept (Arnold). Austin, TX

CONNLECTICUT Policy & Mgmt. Energy Div. Huntford, CT

FLORIDA INST OF TECH CE Dept (Kalajinm, Melbourne, FI.

FRANKLIN RSCH CEN Librarv., Norristown. PA

LAWRENCE LIVERMORE NATU LAB F) Tokarz, Livermare. CA: Plant Fngrg Lib (1-653). Licermore. CA

LONG BEACH PORT Engrg Dir (Allen). Long Beach. CA

MANL Loy 2oy Ofel Augusta, ME

MICHIGAN TECH UNIVERSITY ©F Dent (Haas). Houghton, Ml

MISSOURT Nat Res Dept. Energy Div, Jefferson Ciiy, 11O

MIT Engre Lib. Cambridge. MA: Lib, Tech Reports. Cambridge, MA

MONTANA Eacrgy Offc (Anderson). Hefena, MT

NATL ACADEMY OF SCIENCES NRC. Naval Studies Bd, Washington. DC

NEW HAMPSHIRE Gov Energy Ofce Asst Dire Concord, NH

NEW YORK Encrgy Office 17 Afhane N©S




SEATTLE UNIVERSITY CE Dept (Schwaegler), Seattle. WA

TEXAS A& UNIVERSITY Civil & Mech Engr Dept (Parate). Kinesville. TX

TEXAS A&M UNIVERSITY CE Dept (Snow). College Swation. TX

UNIVERSITY OF CALIFORNIA Energy Engr. Davis, CA

UNIVERSITY OF HAWAII Manoca, Libraryv. Honolulu. H1

UNIVERSITY OF NEW HAMPSHIRE Elec Engrg Dept (Murdoch), Durham, NH

UNIVERSITY OF NEW MEXICO NMERI (Falk). Albuquerque. NM: NMERI (Leigh), Albuquerque. NM:
NMERI (Tapscott). Albuquergue, NM

UNIVERSITY OF TEXAS Construction Industry Inst, Austin, TX

UNIVERSITY OF WASHINGTON Engrg Col (Carlson). Scattle. WA

UNIVERSITY OF WISCONSIN Great Lakes Studies Cen. Milwaukee, Wi

VENTURA COUNTY Decputy PW Dir. Ventura, CA: PWA (Brownic}, Ventura, CA

WASHINGTON DHHS, OFE/PHS (Ishihara). Seattle. WA

BRITISH EMBASSY Sci & Tech Dept (Wilkins), Washington. DC

NATL ACADEMY OF ENGRG Alexandria, VA

WESTINGHOUSE ELECTRIC CORP Library, Pittsburg. PA
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The Naval Clvil Engineering Laboratory Is revising its Primary distribution licts.

SUBJECT CATEGORIES

1 SHORE FACILITIES

2 Construction methods and materials {inciuding corrosion
controi, coatings)

3 Waterfront structures (maintenance/deterioratior. controi)

4 Utilities (including power conditioning)

5 Explosives safety

6 Aviation Engineering Test Facllities

7 Fire prevention and control

8 Antenna technology

9§ Structural analysis and design (including numerical and
computer techniques)

10 Protective construction (including hardened shelters,

shock and vibration studies)
11 Soil/rock mechanics
14 Airfields and pavements

15 ADVANCED BASE AND AMPHIBIOUS FACILITIES

16 Base facilities (including shelters, power generation. water
supplies)

17 Expedient roads/airfields/bridges

18 Amphibious operations {inciuding breakwaters, wave forces)

19 Over-the-Beach operations (including containerization.
material transfer, lighterage and cranes)

20 POL storage, transfer and distribution

TYPES OF DOCUMENTS
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ENERGY/POWER GENERATION

Thermal conservation (thermal engineering of buildings. HVAC
systems. energy loss measurement. power generation)

Controls and eiectrical conservation (electrical systems.
energy monitoring and control systems)

Fuel flexibility (liquid tuels, coal utilization. energy
from solid waste)

Alternate energy source (geothermat power. photovoitaic
power systems, solar systems. wind systems. energy storage
systems)

Site data and systems integration (energy resource data.
energy consumption data. integrating energy systems)

ENVIRONMENTAL PROTECTION

Hazardous waste minimization

Restoration of installations (hazardous waste)

Waste water management and sanitary engineering

Qil pollution removal and recovery

Alr pollution

OCEAN ENGINEERING

Seafloor soils and foundations

Seafloor construction systems and operations (including
diver and manipulator toois)

Undersea structures and materials

Anchors and moorings

Undersea power systems, slectromechanical cables.
and connectors

Pressure vessel facllities

Physical environment (including site surveying)

Ocean-based concrate structures

Undersea cable dynamics
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